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THE PUBLISHERS BEG LEAVE TO CALL THE ATTENTIOH 
OF THE PUBLIC TO THE FOLLOWING UNSOLICITED Na 
TICE8 OP THE ELEMENTARY.GEOLOGY, FROM GENTLE- 
MEN EMINENTLY aUALIFIED TO JUDGE OF ITS MERITS. 



From Gideon A. Mantell, LL.D. F.R.S, F.G.S., &c. &o. London, 
AurnoH op the Wondess op Geolocv, &c, 

! on Geaio^, It is an mtmirabto 

From Prop. B. Szlt.im*m, LL.D. w Vale Collere, 
" I am greatly in fault in not having anawettil your kind letter of Aug. 
SOth. with a copy of your valuable work on Geology. I took the work with 
me lo tho west in the expectation of looking it over : and. although I fiiiled 
to rend it satisfaclorily, I glanced at it enough la convince me of its higb 
value, anil shall recommend it in my Lectures." 

From Prof. J. W. Webster, of Hahyaed Ukiyehsity. 
' Elements 

thankfiil t j 

ce, and shall recomm^d 

From Prof. C. Dewey, of Rochestes, N. Y. 
" I introduced yonr Gfeology into our AcaiJcmy. Part of it is hard reason- 
ing for minds not pretty well matured. Still it is eo vastly better than any 
thing in t\e Engiisli language with which I am aoqaainted, that I boast 
over it. It is admirahle Gir the College course." 

Prom Pmof. Hf.nhy D. Rogebs, op the Uniteesitt op Pehnstlyahia, 
"I thank you sincerely for a copy of your work, and yet more for presents 
ing us with an Elementary Treatise on Geology in a fbrra so well adapted 
U) the wants of instmctora. Having for several years past feit the want of 
JDBt such a book for my Class in Uie University, I bailed its appearance 
with real eatis^tion." 

From Proi-. W. W. Mather, Geolo^iist to one op tee Districts op 
N. Yoke, and to the State op Ohio. 
" I have esamined your little work on Geology with much interest and 
BaUafaction, It presents a large mass of matter in a small compass ; is lucid, 
concise, and its materials are arranged in the most convenient form for the 
itwdent. It seems to forra a haraiy medium between the more elementary 
books for schools, and those for the more advanced students of geology. lU 
copious Tefereiices to various works on geolt^, will be a great advantage to 
those who choose to go to the original sources and dive deeper into the va< 
rious subjects discuss^." 

From Prop. J. W. Baslbt, op the Military Academy, West Point. 

" I have recently perused with much pleaeiirc, your Elementary Geoli^, 

and consider it a most valuable contribulion to science, and hiehly creditabia 

■ yourself and our country, I am glad we have such a Work to which t( 
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with Lyell'a woik, I shnll recoinmend its adoption next yem, if ss is almost 
cettaiii, I mefit witli no work in the mean time belter suited to ouc peadiar 
wants at this lastitation." 

Fhosi Pkop. C, B. Adams, op Middlebuey College, 
" Your elementary hoolt on gealogy has afforded me grent pleasure ; and 
I have, since out Catalogue was printed, adopted it ae a text book." 



The fi^Imeing mttues of IM wmA, frrrm, amoiig Ute mam/ tAat have appeared, 
hive Seen sekded from some of tM leaMiig penodicals of the cmiwiry. 



FuoM THE American Journal op Science *nd Arts, poh October, 1840. 
" The readers of this Journal and those who know tlio progress of Ameri- 
can Geology, ate well aware of the important services Prof Hitchcock haa 
rendered to this branch of seience, through a period of many yearSj both by 
his laborious explorations and his written works. In (he present instanee, 
he W attempted to prepare a work which shall fill a vacancy long felt by 
the instraclors of geology in (hia countrif, a work which, while il gives a 
good view of the progreas of the science in other eoantriee, drawa its illus- 
tfationB mainly from American tacts. From the rapid glance which we 
have been able to bestow upon thia performance, we should think that Pro£ 
Hitchcock had snccecding m imparting this feature to his book." 



E AuEHiCftH Biblical Rbfositort, for October, 18i0. 
^arance of this volume ftora Uie pen of Pror Hiteheocl 
be peculiarly gratifying to many in the community. It is designed 



The appearance of this volume ftora Uie pen of Pror Hitchcock, mill 

" irly gratifying to many in (he community. It is designed to be 

Teat Book for classes in geology, in Colleges and other Semina- 



ries of iearning, anil also, to sapply the wants of the general reader, wiioha! 
not the leisure to study the numerous and extended treatises tliat hava 
been written on different heads of this subject. The plan of it, we think, ia 
admirably adapted to the first of these uses, and nearly or quite as well suited 
to the second. 



say, with what ample qualifications he undertak 
work is no ' secondary formation," baaed on the puMished works of European 
writers, but in every part bears the impress of acuta and original observa- 
tion, and happy tact in presenting the immense variety of subjects treated in 
the following Seetiona into which the book is divided. 

"The fifth Section is devoted to Organic Remains. It occupies one fourth 
of the whole work, and ia illustrated with the best cuts in the book. W* 
venture to say that (here is not in our language so neat and compressed, yet 
«> clear and correct an account of ^o ' Wonders of Geology.' 
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PREFACE. 

In preparing this work, three objects have been kept princi- 
Mlly in view. The first was to pfejjare a Text Book for my 
Classes in Geology : the second, to bring together the materials 
for a Synopsis of Geology, to be appended to my Final Report 
on the Geology of Massachiisetts, now in the press: And the 
third was, to present to the public a condensed view of the pre- 
sent state of geological facts, theories, and hypotheses; espe- 
cially to those who have not the leisTira to study very extended 
works on this subject. In its execution, the work differs from 
any with which I am acquainted, in the following particulars. 
I. It is arranged in the form of distinct Propositions or Princi- 
ples, with Definitions and Proofs: and the Inferences follow 
those principles on which tkey are mainly dependent. This 
method was adopted, as it long has been in most other sciences, 
for the convenience of teaching : but it also enables one to con- 
dense the matter very much. 2. An attempt has been made to 
J ire gent the whole subject in its proper proportions; viz. its 
acts, theories, and hypotheses, with their historical and religi- 
ous relations, and a sketch of the geology of all the countries of 
the globe that have bean esplorpj. jUI geological works with 
which I am acquainted, either omit some of these subjects, or 
dwell very disproportionably upon some of them. 3. It is made 
more American than republications from European writers, by 
introducing a greater amount of oar geology. 4. It contains 
copious references to writers, where the different points here 
briaSy discassed, may be found amply treated. 5, It contains 
a Palceontological Ckart, whose object is to bring under a 
glance of the eye, the leading facts respecting organic remains. 
Whether these peculiarities of the present work will be regarded 
' the public as improvements, important enough to deserve 

ir patronage, time only can show. 

Type of two sizes is employed in this work. The most im- 
portant principles, facts, and proofs, are in larger type, to call 
the special attention of the student or reader : while many of 
the details and remarks are in smaller typo. The subject is 
subdivided into the following heads ; whose abbreviations will 
not need explanation: viz. Definition: Principle: Description 
Inference: Remark: Proof: Details: Illiisiration. Where an 
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inference depends upon several principles, I have added a synop 
sis of all the proofs on which it rests. 

In European countries especially, and to a good degree in 
our own country, geology has become a popular and even fash- 
ionable study. In most of our higher Seminariea of learning, it 
is explained by at least a course of lectures. But in Institu- 
tions of a lower grade, it receives far less attention than its 
merits deserve. Why should not a science, whose facts possess 
a thrilling interest ; whose reasonings are admirably adapted for 
mental diacipline, and often severely task the strongest powers j 
and whose results are many of them as grand and ennobling as 
those of Astronomy itself; (such Astronomers as Herschel and 
Wheweli being judges,*) why should not such a science be 
thought as essential in education as the kindred branches of 
Chemistry and Astronomy? That all the parts of this Science 
are not yet as well settled as those of Astronomy and Chemistry, 
is no objection to making it a branch of education, so long aa 
every intelligent man must admit that its fundamental facts and 
principles are well established. 
Amherst College, 
Aug. 1, 1840. 



THIRD EDITION. 

In presenting thus early a third edition of this work to the 
public, I will only say, that I have done all in my power to in- 
troduce into it all the important discoveries and improvemente 
which have been recently made in the science. 

To enforce still more strongly the remarks of Dr. Smith, in 
the unsolicited Introductory Notice of this work which follows, 
respecting the importance of an acquaintance with Geology to 
the minister and the missionary, I wiU quote a few sentences 
from the letters of two esteemed missionary friends, now in ac- 
tive service in distant lands. Rev. Justin Perkins, American 
Missionary in Ooroomiah in Persia, under date of Oct. l, 1839, 
thus writes. 

" Did not my missionary work press upon me so constantly, 
and with such mountain weight, I should feel strongly tempted 
to study geology, (of which I know very little,) so wonderfully 

» " Geology, in the magnitude anil sublim 
IrealB, undoubledlj" lanlta, in tlio scale of scl 
?&■ Mn HerxhtL 
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interesting, in a geological point of view, does the face of Persia 
appear to me. Indeed, I often feel that this interesting and im- 
portant science has peculiar claims on American Missionaries, 
visiting, as they do, all portions of the world, they enjoy oppor- 
tunities of contributing to it, with almost no sacrifice ot time or 
eifort, which are possessed by no other class of American citizens. 
I know not that I can better lUone for my own deficiency in this 
respect, than by requesting you, in my behalf, to urge upon the 
missionary students in Coflego, the high importance of their ob- 
taining a good practical knowledge or geology and mineralogy, 
while attending your lectures, as they would enhance their use- 
fulness, in future life. It is the combined light of ai.l truth, 
acierttific, as well as religicms, which is to render bo perfect and 
glorious the splendor of millenial day 1" 

Rev. Ebejieier Bxirgess, Missionary at Ahmednuggur in 
India, writes under date of Nov. 1, 1841, as follows; 

" Did I possess an intimate acquaintance with mineralogy, it 
would be of great use to me in going over the conQtcy. When 
we go out to evangelize, it is very pleasant to he able to geolo- 
gize and botanize : and such abilities render our trips far more 
subservient to the preservation of health. I think students eir 
very much in not devoting to your department {in College) the 
full amount of time which is allotted to it in the course of 
studies. Perhaps they do differently in these days of reform. 
Every individual, who has a moderate ability for such studies, 
could with a little system and resolution, and without detriment 
to his other studies, acquire that knowledge of these branches 
which would be of great value to him in after life, especially if 
he intends to be a missionary. There are times when an ad- 
ditional source of relaxation or amusement is worth just about a 
man's life. There is now an individual connected with this 
mission, who has been raised from a state of great debility and 
weakness, by turning his attention to botany and mineralogy; 
at least, such appear to he the means which God has used. Of 
all situations, the missionary in heathen lands most needs plea- 
sant sources of relaxation. When his mind sinks to a certain 
Eoint under discouragement, or the weight of responsibility, if 
e has nothing with, which to divert it, it begins to prey upon 
itself; and then there is no remedy but to leave the field." 

Amherst College, 
Apl. 1842. 
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INTRODUCTORY NOTICE. 



BY DR. J. PYE SMITH, OF LONDON. 



T unexpected and remarkable, tlie opportunity has 
Oeen presented to me of bearing a public testimony to the value 
of Dr. Hitchcock's volume, Elementaky Geology. This is 
gratifying, not only because I fee! it an honor to myself, but 
much more as it excitei the hope that, by this reeomm.enclation, 
theological students, many of my younger brethren in the evan- 
gelical ministry, and serious christians in general, who feel the 
duty of seeking the cultivation of their own minds, may he in- 
duced to study this book. For them it is peculiarly adapted, as 
it presents a comprehensive digest of geological facts and the 
theoretical truths deduced from them, disposed in a method 
admirably perspicuous, so that inquiring persons may, without 
any discouraging labor, and by employing the diligence which 
win bring its own reward, acquire such a knowledge of this 
science as cannot fail of being eminently beneficial. It is no 
exaggeration t affi tl t C I gy h clo e relations to eve y 
Dranch of N t 1 H t y d t 11 tt ph-y 1 n 
that no distr t f tl t ast d m b It t d tl t 

awakening t f th ht 1 d t <^ 1 e; 1 q t 

and, convers 1 h p t f 1 1 dg th d p t 

ment, cannot fit t tl d d t d 1 th tl d 
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of making valuable acquisitions to the benefit of human life. In 
our day, through every degree of extensiveness, fi'om. the peram- 
Lulatiou of aparish to the esploring of an empire, tiiavei.LIN& 
lias become a "universal passion," and action too. Within a 
very few years, the interior of every continent of the earth hea 
been surveyed with an intelligence and accuracy beyond all ex- 
ample. Who can reflect, for instance, upon the actisity now so 
vigorously put forth, for introducing European civilization, the 
arts of peace, the enjoyment of security, and the influence of the 
most benign religion, into the long scaled territories of Central 
Asia, and not be filled with astonishment and delightful anticipa- 
tion! Similar labors are in progress upon points and in direc- 
tions innumerable, reaching to the heart of all the other vast 
regions of the globs : and the men to whom we owe so much 
and from whom so much more is justly expected, are geologists, 
as weU as transcendent naturalists in the other departments. 
Whoever would run the same career must possess the same cjuali- 
fioations. Even upon the smallest scale of provincial travelling 
for health, business, or beneficence, acquaintance with natural 
objects opens a thousand means of enjoyment and usefulness. 

The spirit of these reflections hears a peculiar application to 
the ministers of the gospel. To the pastors of rural congrego- 
t n f t g and preserving health are compara- 

h! t th d tl 1! ed pursuits; and thus, also, in many 

t mp 1 p t th y "ly become benefactors to their neigh 
b I 1 g t the establishment of libraries, iyceums, 

b t g d d ific associations, is rapidly diffusing a 

f t f th k d 11 wledge. It would be a perilous stata 
for the interests of religion, that "precious jewel" whose essen- 
tial characters are " wisdom, knowledge, and joy," if its pro- 
fessional teachers should be, in this respect, inferior to the young 
and inquiring members of their congregations. For those ex- 
cellent men who give their lives to the noblest of labors, a worit 
which would honor angels, '■ preaching among the heathen the 
unsearchable riches of Christ ;" a competent acquaintance with 
natural objects, is of signal importance, for both safety and uss- 
ftdnesa. They should be able to distinguish mineral and veg"- 
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table products, so as to guard against the pernicious and deter- 
mine the aaluhrious; and vexy often geological knowledge wiU 
bo found of the first utility in fixing upon the best localidea for 
missionary stations ; nor can they he insensible to the benefits 
of which they may be the agents, by communicating diacoveries 
to Europe or the United States of America. 

To answer these purposes, and especially in the Iiands of the 
intelligent and studious ministers of Christ, this work of Pro- 
fessor Hitchcock appears to me especially suited. Though. 1 
flatter myself that I have studied with advantage the best Eng- 
Hsh treatise on Geology, and find ever new improvement and 
pleasure from thera ; and have also paid some attention to French 
and German books of this class ; I think it no disparagement to 
them to p-ofeas my conviction that with the viewi just men- 
tidh hbkhhilg bgl 

Th pi wh h p d dff f 

hfyhflkw h d 



11 pi 



tup h ns 
f h h 

d y 1 gh 1 



bj 1 fi 



iihmplkldaid gd h I 

wil yp blp F'^IJ'^ 

new edition, 

I reoeived a deep conviction of the Professor's extraordinary 
merits, fvom his " Report" upon the Geology, Botany and Na- 
tural History generally, of the Province of Massachusetts, made 
by the command of the state government; a large volume, 
published in 1833, and the second edition in 1835: and from 
his papers in the "American Biblical Repository," which were 
of great service to me in composing a book on " The Belatioii 
between the Holy Scriptures and some parts of Geological 
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Science." But I did not till recently know that he was a 
"faithful brother and fellow-iaborer in the gospe! of Christ." 
An edifying manifestation of this, it has been my privilege to 
receive in Dr. Hitchcock's " Essay and Sermon on the lessons 
taught by sickness," prefixed to " A Wreath for the Tomb, or 
Extracts from Eminent Writers on Death and Eternity." It 
is my earnest prayer that great blesaiags from the God of all 
grace may attend the labors of my honored friend. 

J. PYE SMITH. 
Homerton College, near London, 
March 16, 1841. 



EIGHTH EDITION. 

The main thing attempted in this edition, has been to intra 
iJuce all the important discoveries and new theoretical views 
which have appeared since the publication of the third edition. 
This has required an alteration of a large part of the stereo- 
type plates, so rapidly is the science advancing : and yet these 
discoveries scarcely affect any important principles. 

1 had intended to append to thi? edition a simplified copy of 
a new Geological Map of the ontire globe, which has lately 
been published by M Boue, under the auspices of the Geologi- 
cal Society of France, and also a Geological Map of the United 
States. But finding that they would swell the size and the 
price of the work too much, they will bo published in a sepa- 
rate form, with a few pages of description, under the title of 
" Ak Outline of the Geology of the Globe, and of the United 
States in particular ; with two Geological Maps." This little 
work, which Mr. Newman will shortly bring out, ought to be 
in the hands of all who study the Elementary Geology, as it 
will give at a glance the great outlines of all that is known, 
either by observation or analogy, of the geological structure of 
the globe. 

Amherst College, January, 1847. 
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ELEMEITARY REOLOeY, 



THE CONSTITUTION AND STRUCTURB 
or THB EARTH, AND or THE PRINCIPLES ON WHICH 
ROCKS ARE CLASSIFIED. 

Definition. Geology is the hiatory of the mineral masses 
l^t compose the earth, fmd of the organic lemains which they 
n/atais. 

nem^lc 1. Some wiitera divide Geology into (wo branches; 1. Gsog- 
Tf^, ei Poalive Geology, which, embtacfs only the known facts of the 
(ciraioe. 3. Geogovy, or Speoulativa Geology, which attempts to point 
on; Che cuises of (hose 6tct9, and the inferences that r«sult from them. 
Sea TraUi Elemmtoire ite Oeologie par M. Rozet i Discmrs Prelim- 
tmke, p. V, jI&u, Did. Cksnque d' Hist. NiOm'dle ; Art. Geolagie. 
Otliera mate three diviaions. 1. Physical Geograplw. S.GfeognoBV. 3.Qe- 
^ony. See ESemenis de Osologie, pw J. G. Omidms if BaUey, p. 1. 
Others embrace all legitimate ^eon; under Geogony, and confine tho 
hypalhetioal pot of the subtect to Geology. See Taifcaw des Terrains, 
par Mexanidre Brongniart, p. 3. But these distinctions are of iittle im- 
portance, and not much naed by English and American writers. 

Eera, 3. A very philos^ical and excellent division of Geology is pro- 
posed by Professr Whewell. 1. Descriptive, or Phemnitenai GcD&gy, 
embraces the factl^ S. Geelogiail Dynamics gises an exposition of the 
generd principlea hf whi<ih such phenomena can be produced. 3. Pkysi^ 
ad Geoiogf/ stales the doctrines as to what have been the causes of the 
eiisting state of things. History of the ImhuMve Sciences, Vol. 3. p. 188, 
London, 1837. 

Hem. 3. A division of geology of some pracHcal value is the ftllowing. 

1. BcoTwmical Geolegy, or an account of rocks with reference to their pe- 
cuniary value, or immediate application to the wants of society. 

3. Scenographiail Geology, or an account of rocts as they olhibit theoi- 
selvea to the eye in their general outlbes; in other words, an account of 
natural scenery. 

Obsemdioa. With the exception of vegetation, natural scenery is oil 
pioduc*d by tile rocks that constitute the eurfoce: and the geologist 
can onen deteini5ne the nature of rocks by the peculiarities of their great 
outlines. 

3. Slientijic Oedegy, or the history of rocks in their relation to science, 
er philosophy. 

Def. Every part of the globe, which is not animal or vegeta- 
ble, including water and air, is regarded as mineral. 

Def. The term rock, in its popular acceptation, embraces onlj 
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tlie solid parts of the globe : but in geoloeical language, it iii 
eludes also the loose materials, the soils, clays, and gravels,— 
that cover the solid parts. 

Principk. The Torm of the earth is that of a sphere, flat 
tened at the poles : technically, an oblate spheroid. The polai 
diameter is about 26 miles shorter than the equatorial.. 

Proof 1. Measurement of a degree of the meridian in different lati- 
imles. 9. Astronomical phenomena; patUcularly the precession of th« 
equinoxes. 

Inference. Hence it is inferred that the earth must have 
been once in a fluid state ; since it has precisely the form which 
a fluid globe, revolving on its axis with the same volocity as the 
earth, would assume, 

Prin. Taken as a whole, the earth is about five times heavier 
than water ; or 2.5 times heavier than common rooks. 

Proof 1. Careful observations upon the relative attracting power of pat- 
ticular mount^ns and the whole globe, with a zenith sector. S, The dialnrb- 
ing effect of the earth upon the heavenly bodies. 

Inf. We hence team that the density of the earth increases 
from the surface to the centre ; but it does not follow that the 
nature of the internal parts is diiTerent from its crust For in 
consequence of condensation by pressure, water at the depth 
of 362 miles, would be as heavy as quicksilver ; and aii as heavy 
as water at 34 miles in depth : while at the centre, steel would 
be compressed into one fourth, and stone into one eighth of 
its bulk at the surface. Mrs. Somerville's Connexion of the 
Physical Sciences, p. 91. Fifih London Edition. 

Description. The surface of the earth, as well beneath the 
ocean as on the dry land, is elevated into ridges and insulated 
peaks, with intervening vallies and plains. Rozel, p. 86. 

Descr. The highest mountains are about 28,000 feet above 
the ocean level, and the mean height of the dry land does not 
exceed two miles. De la. Berhts Manual of Geology, p. 2. 
Third Edition. 

Delaiis. Tho height of a few of the most e]ovati?i] mountaina on the 
globe is as tbllows : See Encydo^sdia of Gingiapliy, I'oiS.p.GOS. 
Himmalayah Mountains, E. Indies, 27,677 fcet. 

Rocky Moanlaine, 12,000 " 

Mouna Kea, 18,000 " 

ChimborazQ, Andes, 21,000 " 

Ararat, 17,700 " 

Mount Blanc, Europe, ]5,fJG8 " 

Descr. The mean depth of the ocean is probably between 
two and three miles. De la Beche's Man. Geo. p. 2. It has 
been calculated from the phenomena of tides that the Atlantic in 
its middle part is above nine miles deep. Phillips's Geology, p^ 
23. Edinburgh, 1838. 
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Inf. Hence it appears that the present dry land might be 
spread over the bottom of the ocean, so that the globe should be 
entirely covered with water. For nearly three fourths of the 
surface is at pre; 



Obs. While the great lakes of North America arc elevated some of them oven 
600 feet above tbe ocean, some of the inland seas of Asia are sunk below i!s 
level. It seems to be at last settled Uiat the Caepian Sea, is 84 tbet below 
the Black Sea. Murchison's Geology tjf Europe, Vol. 1. p. 323, London., 
1845. lA;eWs Pnndples qf Geology, Fot 1. p. 367, Seamd Ametwan., from 
the Sixth London EdUion, Boston, 184S. The Dead Sea in Palestine is 
Bunk 1337 feet below the Mediterranean. JJiWico! Reeearolics in Palestine, 
^c, by Meesrs. Robinatni ojwf ^ntith, Vol. 9. p. ^3, Si&ton, 1841: Also 
Ameriam Jour. Siiaioe, Vol. 43. Jan. 1943, p. 315. " 



Def. The rocka that compose tte globe are divicled into two 
great classes, tbe Stratified and Ukstkatifibb, 

Def. Stratification consists of the division of a rock into 
regular masses, by nearly parallel planes, occasioned by a pecu- 
liar mode of deposition. Strata vary in thickness from that of 
paper to many yards. 



C&s. Strata are often very tortuous anil sometimes quite wedge shaped. 
Nevertheless, the fundamental idea of slralilication is that of parallelism in 
the lajers. MaccoMoch's ClassificaUott of Hocks, p. 100: also his ^jskm of 
Geology, Vol. l.p. 67: aisa Oreenougi's Geology, chap. 1. 

Def. The term stratum is sometimes employed to designate 
the whole mass of a rock, while its parallel subdivisions are called 
beds or layers. The term bed is also employed to designate a 
layer, whose shape may be more or less lenticular, or wedge 
shaped, included between the layers of a more extended rock ; as 
a bed of gypsum, a bed of coal, a bed of iron, &c. In this case 
the bed is sometimes said to he stibordinate. 

Def. When beds of different rocks alternate, they are said 
to be interstratiiied, 

Def. A seain is a thin layer of rock that separates the beds 
or strata of another rock: ex. gr. a seamof coal, of limestone, &e. 

Descr. A bed or stratum is often divided into thin laminte, 
which bear the same relation to a single bed, as that does to the 
whole series of beds. This division is called the lamination of 
tte bed ; and always results from a mechanical mode of deposi- 
tion. The appearance of fissility which it gives to a rock, is 
often deceptive ; since the layers separate with great difflculty. 
This is especially true in gneiss, 

Descr. TTie lamination is sometimes parallel to the planes o( 

' See Dolfi A. Addenda. 
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16 LAMINATION, 

stratification ; sometimea thoy are much inclined to each otliM!; 
and often it is undulating and tortuous. 
Fig. 1., shows the liifforent kinds of lamination. 
Fig. 1. 

Without Lamina;. 

S With waved Lamiiis. 

I rmcly Lamioated. 

^ Coarsely laminated. 

y// ''//////// 'jO/^ Obliquely LaminalciJ. 

iTallel LamiDffi. 



Fig. % 
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LAMINATION, 




Inf. The laminiB of beds could not have Leeii d 
ginally in the curved position, shown in the preceding fig^ires : 
been the result of some subsequent 



ome period after their deposition, 
) plastic that they could be bent 



Kence the flexure must hi 
operation. 

Inf. Hence the layers at . 
must have heen in a state t 
without breaking. 

Origin of the vanities of Lamination. 

Causes. All the lamination of stratified locks was undoubt- 
edly produced originally by deposition in water, and the va- 
rieties have resulted from modifying circumstances. 1. The 
parallel laminje are the result of quiet deposition upon a level 
surface. 2. The waved lamination, in many instances, is nothing 
but ripple marks ; such as are seen constantly upon the sand and 
mud at the bottom of rivers, lakes, and the ocean. In the sec- 
ondary rocks this is too manifest to be mistaken. 3. The ob- 
lique lamination has generally been the result of deposition upon 
a steep shora, where the materials are driven over the edge of 
an inclined plane. 4. Highly contorted lamination has often re- 
sulted from lateral and vertical pressure, as illustrated by 
Fig. 4. 
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OEIGIN OF CON' 



LAIHJNATION. 




lUiislTotiira. If pieces of clolh of 
different totora be placed upon a, ta- 
ble c, and coveted by a weight, n, 
and then lateral forces b, S, be ap- 
plied ; while the weight will lie some- 
what raised, the cloth will be folded 
and contorted pecisely like the lami- 
mm of man; locks ; as is sharni in 
the figure. 

Prin. Tte agency of water 
and teat 13 Bumcient to bring 
into that piastic state wtich 
without breaking. 
Proof. 1. Water idone renders clay eminently plastic; and it imparts a 
degree of plasticity ts nearly every variety of unconsolidated strata ; so that 
this, without heat, may have prepared all snch strata, for Uie flexures which 
(hey exhibit. Water aN« renders some solid rocks (tuite flexible ; as lime- 
alones and aandstonea ; and it penetrates very deep into the solid crust of the 
globs; so that some of the flexures, even in (he solid rocfcs, may have been 
produced by forces acting upon them vthen saturated with water. 

2, Flexures ate the most abundant and estensive in the vidnity of locks 
tiiat have been melted. And it is admitted that all the older stratified rocha 
have been exposed more or less to the influence of heat from the unatratiSed ; 
and it is also true, that rocks may be heated almost to the melting point 
without destroying their stiotifled and laminated structure. So that in 
heat, we have a cause sufEcient to prepare rocka for any poaaible degree of 
contortion. 

Vrin. Volcanic forces have operated from beneath upon most 
of the older rocks, whereby they have been bent upward. The 
weight of the ocean, of drift, &c., hes bent them downward ; 
gravity and other agencies more local, have produced a lateral 
pressure ; especially when the strata were highly incliiied : and 
these various agencies will account for nearly every case of flex- 
ure, not only of the laminse, but of the beds also. But more on 
this point further oa. 

Oescr. In clay beds containing disseminated carbonate of 
lime, we frequently find nodules of argillo-ealcareons matter, 
sometimes spherical, but more usually flattened. These are 
generally called claj/stones, and the common impression is, that 
they were rounded by water. But they are unquestionably the 
result of moloeular attraction. The slaty divisions of the clay 
extend through the concretions: and on splitting them open, a 
leaf, or a ftsb, or some other organic relic, is frequently found. 
In New England, however, both the slaty cleavage and the or^ 
gSKJo nucleus ere usually wanting. 
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CONCRETIONS. 



Id 



Bern. In England these claystonca are eometiinca supposed Co have been 
tamed in a lathe, and to have been used for money. In this country they 
Bre UBvialjy thought lo be the work of water, or of the abori^nes. I Sad that 
those of New Eiiglsnd have at least sii predominant forms. Mnoi Jtepori 
ta Ike Gedogy of Massadiusetls, Vol. 3. p. 410. 



rig. 5, will convey an idea of the 
manner in which these ooccreticns are 
Ettuated in the clay. 

Descr. Similar concretions abound in argillaceous iron ote, 
which is often disseminated in clay beds or shale. These no- 
dules, are usually made up of concentric coats of the ore ; but 
eometimes the slaty structure of the rock containing them, ex- 
tends thiough them, and organic relics are found to form their 

t ig, 6, represents a concretion of hydrate of iron from the clay cliffs of 
Gaj Head in Massachusetts, The axis consists of a jHece of lignite, and its 
reseaiblance lo a pear is very striking: or rather to a largo garden si^nash: 
n inches. 




DescT The internal parts of these concretions of limestone 
«id hydrate of iron often eithibit numerous cracks, which some- 
timis divirie the matter into columnar masaes, but more fre- 
C|«entl} into irregular shapes. When these cracks are filled 
Tdtb calcareous apar, as is often the cE>se in calcareous concre' 
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DIVISIONAL 




Fig. '!. tions, they take the name of lv,i%% hel- 

montii, turtle stones, or more frequent- 
ly of septafia. From these is prepared 
\ in England the famous Roman cement. 
;-, Fig. 7, is a section of one of these. 

Vescr, Certain limestones called oolite^ 
■e often almost entirely composed of con- 
cretions made up of concentric layers t 
but the spheres are rarely so large as a pea. 

Descr. The concretionary stnictiire, however, often exists ia 
limestone on a very large scale, forming spheroidal masses not 
only many feet, but many yards in diameter. 

Divisional Structures, 

Def. Both the stratified and unstratified rocks are traversed 
hy divisional planes, called joints ; which divide the mass into 
determinate shapes, which are different from beds and their 
laminie. Those only which occur in the stratified rocks will be 
here noticed 

Descr. The mo t impoitant of these joints, called master- 
ioints, are more or le^s parallel, and so extended as to imply 
some general cauic of production. 

Descr. When these joints cross the beds obliquely, as they 
usually do and there are two sets of them, they divide the rock 
into rhomboidal maiset. of considerahle regularity j though 
wanting in that perfect equality in the corresponding angles of 
the prisms which is found in crystals of a simple mineral 

Figs, 8 and 9, aio examples : the first from the uncotisolulated clay bedi 
of West Sptingfielil in Massachusetts, and the laltei: from the gneiss of 
Monsoii in the same State, 



Fig. 



Fig. 9. 
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CLEAVAGE, 



Deser. Other divisional planes separate the rock into in 
fragments : and sometimes the fissures are filled with. c. 
oils spar, or other mineral substance. 



Fig, 10. 



Descr, Some rocks are divided by a set of 
parallel plaaes, coincident neither with the 
stratification, the lamination, nor the joints. 

^ These are called cleavage planes, because they 
re supposed always to result from a crystalline 

V arrangement of the particles of the rock, su- 

^perinduced after its original deposition. 

Descr. This cleavage is most common in 
irgiUaceous slate, and in many cases eonsti- 

j tutes its slaty stmcture. But m many instanc- 
es this structure ia the result of original depo- 
sition, and corresponds to, or rather consti- 
tutes, the lamination. This is particularly true 
of the finer slates, both argillaceous, micace- 
ous, talcose and chloritic, in this country, 
LyeU's Elements of Geology, Vol. 2. p. 390. 
Second Amer. Edition, Boston, JSiS. 

Descr. The cleavage planes are often inclin- 
ed to the planes of stratification and Jamination 
at an angle of 30" or 40°, and sometimes the 
the two planes dip in opposite directions. The 
cleavage planes are remarkable for their almost 

Eerfect parallelism, while the strata and their 
iminse are usually contorted. 
Fig, 10, exhibits a set of cleavago plEiiies crossing 
the curved strata in the slata rocks of Wales. 

In Fig 11 are exhibited tho planes of Etratification, 
BE, BB thu joints AA AA, and thE^latycieaI- 
^ age,d d 

Fig 11 
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22 ORIGIN OF 

Descr. Strata and lamin® may lie dietingiuslied from jointa 
and cleavage, 1. .Bj- the alternation of different materials m the 
former. 2. By a difference of organic remains in the succes- 
sive layers, 3, By ripple marks and tortuosities, i. By a dif- 
ference in color of successive portions of the rock. 

Descr. Joints may be distinsnished from cleavage planes 
chiefly by two marks, 1, A jointed structure rarely extends 
through large masses of rocks ; at least not without more inter- 
ruption than is found in cleavage, 2. The portion of rock 
included between two joints is not capable of a subdivision by 
parallel planes.; but in cleavage the subdivision may be carried 
on to an extreme degree of fineness. 

Oiigiit of the di^ereiit SiJidures in the Sh-cd-ifisi Rocks. 

Pwst Cauie. Orisinal depoMtion from water. Ttis will eiplain all the 
phenotoena of stratScation and lamioation. 

y contracting the mass of the rock, it is 

:an explain only some of the 

<e of Eeptaria and iron stone. 

mrd Caitse. A mechanicnl Ibrce acting beneath, by which Jissuree are 

produceil, either mrailel or radiating from a centre, or without sjoimetry in 

their direction. This may eiploJn somo varieties of joints. 

Ji^rth, Cofitse. Heat. This must be supposed intense enough to ^ve so 
much of mobility to the particica that they can obey malecutar attraction, and 
assume a partiatty crystaUine form. In this way, probably nearly every case 
of cleavage was produced, and many cases of a jointed structure. 
FiflA Caiise. Water, If by this agent the particles ea 

— .i.._ '... .1 111 ,i_ 1... — '■-' '-nusion. >— J 

And the 

solidated horizontal clay beds, seems to j^nire such a cause as this tal its 
explanatian ; althaiuh 1 have seen no similar case described by writers on 
geology. But in West Springfield and Deerfield in Massachusetts, these 
joints are very numerous and mstinet ; occurring, however, in onlya few of 
file layers of clay, while those above and below are unaffectetl. This clay 
has certainly nover been subjected to any great degree of heat, being of very 

SiciA Cause. Galvanic Electrii^, The recent experiments of Mr. Robert 
"Weare Pos of Great Britain, show that clay, subjected to a long voltaic 
action becomes laminated, so as to resemble clay slate in its structure. Very 
probably an electric agency is essential in those cases where heat and water 
seem to produce the effect; and that these latter causes operate chiefly bj 
exalting the etectricittes and ^ving mobihty to the particles. 

Rem. In the difficult subject of the structure of rocks, I have followed 
chiefly the or^nal views of Professor Sedgwick, in his paper on the slate of 
England and Wales, in the Gede^kal Transaelinns, Vol. A, p. 4G1, Second 
Series. Also Prof John Phillips, in his Treatise on Geology, 3 Veh. London, 
1837 atuJ 1939; also Mr. Lyetl, in his Elements of_ Geology. The subject 
will probably need still further attention before it is perfected. Yet much 
has been dene. 
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21 TEIKS. 

Descr. The xinstratified rocks occur in four wiodes, I, As 
irregular masses beneath the stratified rocks. 2, As veins cross- 
ing both the stratified and unstratified rocks. 3. As beds of 
irregular masses thrust in between the strata. 4. As overlying 
masses. All these modes are shown in Fig. 12. 
ifens. The phenomena of vcms, Ijoing very important, require a more 



Def. Veins are of two kinds. !. Those of ^ ^ 
Those of injection. The former appear to have been s 
from the general mass of the rock fay elective affinity, when it 
was in a fluid state ; and consequently thoy are of the same age 
as the rock. Hence they are often called contemporaneous ve'tiE. 

Sifts, Pig, 13, represents a towliier of granitic gneiss, in Lowell, about 
five feet long, travereed liy several veins of segregation, whose composition 
differs not greatly from that of the rock, except m bang harder and mors 
distinctly granitic. Whoro veins of this description cross one another, they 
coalesce so that one does not cut off the other. The surfaoe of the gneiss 
near JMerrimack river in Middlesex County is often covered with reticul«- 
tions produced by veins of this description. 



Fig. 13. 




Oil, Cluarlz veins are usually veins of segregation. But I have seen somt 
of this description in Massachusetts a foot or more in width, perfectly etraighl 
anil continuous, for a great distance through talcose sldte, that are with diffi- 
culty referable to such an origin. 

Def. The second class were once open fissuresj which at a 
0UbBei][uent period, were filled by injected matter. 
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VEINS AKK DYKES. S& 

Deser. Veins of segregation are frequently insulated in the 
containing rock ; they pass at their edges by insensible gradations 
into that rock ; and are sometimes tubercular or even nodnlai, 

DescT. Injected veins can often be traced to a large mass of 
similar rook, from which, as they proceed, they often ramify and 
become exceedingly line, until they are lost. Usually, especial- 
ly in the oldest rocks, they are chemically united to the walls of 
the containing rock ; but large trap veins have often very little 
adhesion to the sides. 

Fig. J4, enhibitB granite veins piotruiiing fram a large msBs of panite into 
aornblende sUSe in Cornwall. 



Fig, U. 




Def. The large veins that aie filled with trap rock or recent 
lava, are usually celled d^kes. These differ from true veins, 
also, in rarely sending off branches. 

Inf. It is hence inferred, either that the matter of dykes was 
less fluid, because less hot, than granite, or that the rocks through 
which reins pass, had a higher temperature than those into 
which dykes were injected i so that the latter sooner cooled the 
fluid matter than the former. Hence, when the small lateral 
fissures were produced, as they probably usnally were by the 
heat of the injected matter, the granite flowed into them, while 
the trap had become too hard 

Descr. Trap dykes are sometimes several^yards wide, and ex- 
tend 60 or' 70 miles ; 



a. England and Ireland. 
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Descr. Dykes and veins frequently cross one aBotW; 
and in such a case, the one ttat ia cut off, is regarded as th« 
oldest. 

i;^™. Undoubtedly tins inle, in general, can be depended on for dder- 
mining the relative age of injected veins. Yet it is easy to conceive how 
a vein of oonsideraBle size might be filled with matter not very fluid, 
without filling all the lateral fissnreB ; and should these he subseqnently 
filled with more perfectly fluid matter, they would appear to be cut off by 
the larger vein; and hence, hy the rule, be regarded as the olJest, al- 
though iu fact mare recent. 

PHtl By this rule it may be shown that giHiiite has been 
erupted at no less than four different epochs. 



Illms. Fig. 15, represents a bowlder of granite in Wefithampton, Mass., 
whose base was the product of the earliest epoch of eruption. This is 
traversed by the granit« vein, a, /i, a, which was injected at a second 
epoch ; *, is a granite vein cutting a, nod therefore produced at a third 
epoch ; wliile *, as well as a, are cut off' by the granite veins c, and d^ 
of a fourth epoch. 




Priii. By the s n aJe an he p oved sueeessive eruptifriur 
of the trap to Its 

Mts. Pig w u ng n in svenito in the norlh 

part of C M r- h b enite. No. 3, a Jjke of 

porpliyry, w d N k n n greenstone, the largeet 

SO feet w d N 4 dyk o mm or n tone, 5, 6, and 8 feet mdp. 

Here then we ha e fau es e ep hs o erupt on. 
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Pig, 16. 




Fig. 17, exhlbils vaiiia in metEunorpVdc gneiaa on t'le eoa sliore in Bot 
ttly, MaEB. Tlie gneiss, is almost converted into ejenito. No. 1, is a vein 
of gianit*. Ko. S, dykes of ciHnmon jFrceiistone. No. 3, dykes of por- 
jiliyrilie greenstone. Thrae last aie oliviously the oldest; and on'i of them 
i9 lery much displaceil. 

Fig. 17. 




BjAes in Mtfoworjj/iie Gnsias ; Buccrln. Mass. 

Descr, In one remarkable example of veins of difierent 
fcinds, I have boon able to trace eUveii, epochs of the emption of 
unatratiiied rocks. {See Plate 2.) 
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as DYKES IN SALEM. 

Ma. TWs caaa is in the city of Salem, Masis., near the entrance ^ 
Hie bndge leading U> Beverly on tbe west side. The basis lock, No. 
J, is ayenitic areenstone. The oideat vein, or dyke, (3) is greenstone, a 
few inches wide. Nos. 3 and 4, nre veins of reddish granite, — nearly all 
felspnr, which cut anross the greenstone dyke. No. B. These are very 
numeiauB ; much more so thaa is shown upon the drawing ; and of vei7 
feregular width, — oft«n briuiching out into strings a mere ime in breadth. 
They belong to at least two epochs of eruption : for some of them are cut 
off by the oHiers, and probably still more eruptive epochs might be traced 
among them : but tiiey are so complicated that 1 liave not been able ta 
da it. No. 5, is a dyke of greenstone, which cuts off 3 and 4. No. 6, 
which is .40 inches wide, is porphjritic greenstone, and cuts off No. 5. A 
smidl dyke and nearly parallel, a l^e to the left, appears to be of the same 
age. Ho. 7, is porpbyritic greenstone cutting off Ho. 6. No. 8, (of which 
there are two running neariy parallel,) intersects Nos. 5 and 7, and la granite 



felspar. No. 9, consists of Iwo laTBB dykes of greenatone, which cut off 
au the others that have been describedT except No. B j and perhaps this also : 
but the intersection is covered by soil. No. 10, of which there are small 
vdns near the bottom of the sketch, and near the lop, and is of the same 
kind of granite as Nob. 3 and i, intersects nearly all tho preceding veins. 
Finidly,No. II, consists of the same iiind of ' "- 



___e whole apace represented, 
Mvered by the ocean at high 

,ning this complicated and very 
' "■ lot see why we have not 
...._¥ I ,^^ eL^-oen 



width, running dingonally across the sketch, 
is 36 by 37 feet, and the lower part of it ' 
tide, arid the Upper surface by sod. 

I have spent a good deal of lima in exan: 
intareatine net work of veins and djkea ; ai 

evidence here, of the extraordinary fact — ui_.^... 

successive eruptions of granite and trap rock. Or if we regard the baas rock 
as metamorphic;— that is, formed by the faaon of gneiss ;— and it may be so, — 
still, we have ten aubsequpnt injections ! 

Deer. Veins and dykes tlsuaUy cross the strata at varions 
angles. But not tmfrequently for a part of their course they 
have heen. intruded hetween tlie strata; and hence have been 
mistaken for heda, and have given rise to the inquiry whetheB 
granite is not stratified. 

Desar. Dykes are usually nearly straight; but granite veins 
ate sometimes very tortuous. 

iJiHS. Fig. 19, shows two small but very distinct granite veins in ho- 
mogeneous micaceous limestone in Colrain, Masa. If these are injected 
vrana, as they appear to be, it is extremely difficult to account fin tbeii 
tortuosity. 
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OHANITE VEINS. 
PiR. 19. 



JS "i* *^ 







[timite vein <inly 
eighth of an inch 
;k, conforming to 

e in Conway, Ms. 
■haps this may b9 
;gregated van. 

I inite in talcose date in 
Tures of the slate. It is 
(T nal curves of depoMtion, 
?d though I have strong 



I n I tl jt Ihp ri..ti lit? t 
ieiEon» to think that this is not the caE« 

Desc! In modern vokanos the la'i a is ejected from circular 
^ ents, called crater" But tl e older unst atified rocks, although 
evidently of volcanic orie^n appear to have been protruded 
along; extendad fissures either across the strata, or in the same 
direction ai their stiike It is possible, however, that crat«rs 
did once exist, but ha\e been swept away by powerful denuda- 
tion of the surface. 

Example. A range of greenstone conimencea at New Haven b ConnectL- 
cat, ami runs diagonally across the valley of the Connecticut, until it termi- 
nates in FtanMiffl County in Massaeliuaetts. It must be 70 or 80 miles in 
lenntt, and one or two in breadth, and it conforms generally t« the strite of 
the sandstone. Similar ranges exist in New Jersey. 

Deser. The unstratified rocks, especially when exposed to the 
weather, are usually divided into irregular fragments by fiasurea 
in various directions, 

Deser. Sometimes, however, these rocks have a concretionary 
etnicture on a large scale ; that is. they are composed of con- 
creted layers whose curvature is sometimes SO slight, that they 
are mistaken for strata. 
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CONCKETBD TRU 1 



A h in oc 

Hef. An interesting variety of 
jointed structure in isome of the un- 
stratified rocks, is the prismatic or 
columnar, by wliich large masses of 
rocks are div ded into regular forms, 
from 3 fe 7 11 ohes to several feet in 
I diameter but r th i o spaces be- 
||tween .then 

ms. Th 8 ciinoi.3 phe omenon wil! be 
lore piticula \y desc b j] in a Bubsequent 

DescT The layers of the atnti 
t ed rocks are sometimes horizontal, 
>ut moie fieqnentl^ thej are tilted 
ip so as to dip beneath the horizon 
it every possible angle 
Df The an^le which the siir 
lllace of a stratum makes with the 
plane of the horizon is called its 
\\ inchnahoib or rfzf and the direo 
1 of its upturned edge is called 
its stttke or bearing 

Ofc Of course horizontal strata have 
neither strike nor dip The cxpoBure of 
Et Etratu n at the surliice is i.alleJ m ths 
longuige of mmera lis oU-c op or i s- 

'nci As a general fact the 
SI or hisrber rocks are less m 
Kclined than those below The hierh 
re usually horizontal; while the 
1 1 oldest are often perpendicular. 

Ois, This admits of too many exefptions 

to be employed as a means for di-tfrmining 

the age of rocks. Thus, a consiiJerabS 

' I part of the gneiss rocks of Now Englanj 



rNBTRATIFJBl 



Bescr Tto instrument employed for ascertaining the dip of 
a stratum, is called a clinometer. Every geoloeist, however, 
ought to be able to determine the dip with sufficiejit accuracy 
tor most purposes by the eye. A good pocket compass will an- 
swer for finding the strike. 

Descr. Oisistratified rocks do not probably occupy one tenth 
part of the earth's snrfaoe. 

Dssr.r. In Great Britnin, says Dr, Maccullooli, " they do not cover a thoa- 
sandih part of the superficies of the island." In Moasaohuselts, they occupy 

Prill, These rooks, however, wo have reason to suppose, oc- 
cupy the internal parts of the earth to a great depth, if not to 
the centre j over which the stratified rocks are spread with very 
unequal thickness, and in many places ate entirely wanting. 

ExgiaiiuiiiBJi. ¥\g. 13, will convey a. better idea than language, of the 
relntivs EituatioD of the two classes of roclis. Th« different groupa of Etrati- 
fied rooka, vii, Alluviam, Drift, Tertiary, Secondary and Pniiiaty, are here 
' Z upon one another, and upon granite beneath. This granite, 
□ protruding to the surface; and apoD its aides lie the stratili^ 



shown resting upon one another, and upon granite beneath, 
also, ia shown protruding to the surface; and apoD its aides lii 
rociiB highly inclined : vdos of Eyenite, porphyry, trap, serpentine 
ore also shown pmtmdiii^ thiongh the granite, and coming from bcueuiii a; 
as they must do, bocause they have been erupted unce the granite. Teins 
of syenitic granite of a posterior date are likowise shown, penetratuig tbe 
stratified ro^s to the t<^ of the secondary strata, which ia tho most recent 
granite yet diacoremd. Syenite and poiphytj rise no higher than the t«p of 
tlie secondary: but the trap lises to Ine top of the tertiary ; and finally, 
modern lava oimqjreada alluvioiu. The sttalitied rocks ace repreaentetl as 
inclined at dlSerent angles ; the lowest being the most tilted up. Although, 
therefore, this is not a section of any particular portion of the earth's orast, 
yet it will give a correct idea of the relative sitaations of tbe gtoups both of 
atral^fied and unatratiHed rocks. For a much larger and more detailed sec- 
tion of this sort, sea BufMand's BTulgmealei' T^'eatise, PlaU 1. 

Formations. 

Rem. It is not possible in gee 
lal history, to describe species n 
because each rock ia found to bo mode up of varieties, often very nu- 
merous, which insensibly graduate into one another ; as do also the 
locks thetnselves in many instances. In botany, mineralogy and zoolo- 
gy, speues ace separated by deSnite lines, and never do thus pass into 
one another. I^ therefore, wo employ in geology the same esaotneas of 
specific description as in these sciencca, we shairimpoae on nature a logi- 
cal precision which will notfitberin this department of her works. Another 
method must, therefore, be adopted. See MacoModi's Geological Classifi- 
eaiioti of Rods, Chap. 1. 

Def. Each rock, in its most extended sense, consists of seve- 
ral varieties, agreeing together in certain general characters, 
tnd occupying such a relative situation with respect to oae ano- 
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ihet, as to show that all of them were foimed under similar 
eircTimstances, and during the same geological period. Sucl 
a group constitutes a formation. Ex. gr. graywacke formation, 
gneiss formation, &c. 

Def. This term often embracea several distinct rocks, wheis 
tiers is reason to suppose them the result of the same geological 
period. 

Kg. 23. will give an ilea of the English lios formation lying lis- 
trireen the oolite ibrmalion above, and the red Esmistone formation b«- 




^1^^_;^_-^ Middle Kas shales. 



Def. The English word group, and the French ierrain, are 
nearly synonymong with formation. The term saries is also 
very convenient in description. 

Def. When the planes of stratification are parallel to ona 
another in different formations, the stratification is said to ha 
conformable : when not parallel, it is unconformable. 

Descr. The stratification in different formations is usually 
tinconformahle, as is shown in the position of the secondary 
and primary formations, in Fig. 12. 

Inf. It is hence inferred that the stratified rooks were elevated 
at different epochs: in other words, those formations which are 
the most highly inclined, must have been partially elevated be- 
fore the others weie deposited upon them. 

Descr. These numerous elevations of the strata have pro- 
duced in them a great variety of craeks, fissures, and slides. 

Def. When the continuity of the strata is interrupted by a 
fissure, so that the same stratum is higher on one side than on 
the other, or has been slidden laterally, that fissure is called a 
fa/iUtj or a trouble, — a slip, — a dyke, &c : &^ a, b, c, d. Fig. 23, 
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Rem. A fault is generally filled with fragmraits of rocks, ciay, &c. M d. 
It often occasions great trouble in the working of mines, becansc, when it is 
reached, it is impDa^ble to decide whether the conliniiation of the mineinl 
siiuglit is above or below Che levd, or to the right (a left, 

Def. If the fissure is open and of consideraLIe widtli, and is 
Bucceeded at each extremity by a wider velley, it is called a 
gorge, as c. 

Dsf. If it he stiJl K-ids!*, witli the sides sloping or rounded at 
the hottom, a volley is produced ; as d. 

Prin. In a similar way most of the valleys of primitive coun- 
tries were fojinod, 

Def. The line forming the top of a mountain ridge, or run- 
ning through a valley, along which the strata dip in opposite di- 
rections IS called an anticlinal hne, or aTiUi.hnal axis : as at a, 
Fig 2-i, and b, Fig 2) 

Fig 24 



Dtf When the strata dip towards this hne on e 
s called a synchiul hi^e, or ncs, as at b. Fig. 24. 
Pift ■3'i 




A'f>. 
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34 ALLflVIUJI AND DRIFT. 

Def. When the stiata dip from any point in all tUrections 
outwards, (as around the crater of a Tolcano,) the dip is said to 
be quaqaaversat. 

Classification of Rocks. 

Rem,. Numerous attempts have been made to claaafy tlie rocts. But 
□DDe of tho DiTHngBmcnts hitlierh) proposed, possess so decicied a sapeii- 
orily over tho olhetn as to be adopted in every piiMicular. In the present 
sta'.a of tho subject, all that can be done is to give the outlines of tho 
most important systems of classiScatioD, leaving tho reader to take his 
choice ainoiii; them. I sliall first describe some of the larger groups 
(if rocks, which have long been ailmitted by moat geologists la exist in 
nature. The names by which they are ilesignDl^d ore indeed objecdona- 
ble, because they were originally ibunjed upon uncertain hypothesis; and 
many eitcellent writers have entirely excluded them from Iheir works. 
Bat BS they still con^nne to be employed by most geologisU, and as they 
can now hardly mislead even a tyro in the science, and are moreover 
fouaded in nature, I shall retain the most of them in the following familiar 
description of the earth's crust. 

Descr. If we suppose ourselves placed in a meadow, which 
has resulted from the successive deposits of annual floodsj and 
begin a perpeiidicuiar eKoavation into the earth, wa shall pass 
through the different classes of roeka in the following order. 

Vif. For a few fact only, — rarely as many as 100, we shall 
pass through layers of loam, sand, and fine gravel, arranged in 
nearly horizonttd beds. This deposite, from aa existing river, ia 
denominated allumum. 

Def. All deposite from causes now in action, which have 
taken place since the present order of things commenced on the 
glohe, are usually regarded as alluvial. 

Dcf. The second formation which we shall panetrate, ia 
composed of coarse sand and gravel, with fine sand and even 
sometimes day, containing, however, large rounded masses of 
rock called bowlders ; the whole mixed too^ther j-et often dis- 
tinctly, and horizontally stratified. Th f m d tly 
the result of glacio-aqueons agency 11 d i /i It d t 
gnished from alluvium, first by its f p dly 
by the marks of a move powerful a^ y d th II by 
tending over regions where no existing t th 
row in action could have produced t 

Def, TTie third aeries of strata wl h p t f d 

scending into the earth, is composed fly ^ ^ } ^nd 
gravel, and marl, with occasional qu t d ! b d 

more or less consolidated ; all of wh B w d po ted w t 
comparatively ijuiet and in separate b Th y al t 
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Descr. The formations wticli we penetrate after passing 
tliiough the tertiary, are composed for the most part of solid 
rocks. They are, however, mostly made up of aand, clay, aiid 
pebbles, bound together by some sort of cement. With these 
are inters tratified many varieties of limestone; and throughout 
tlie whole series is found a great variety of the remains of ani- 
raab and plants, very different from those in the tertiary strata. 
These groups of rode sometimes lie horizontal ; but are usually 
more or less elevated, so as to malce them dip at various angles. 
They are called secondary rocks. 

Obs. It will be seen that all the fossiliferous rocka below the tertiary 
are here ineluiled in the secondary claas. Many geologists, even to the 
preaenl tuna, have separateii Eome of the lower groups into a class named 
IrahSUioji, because tliey appear as if prodaceil when the earth was in n 
transLtioD siaXs from dcEolation to a hubitable conditioD, and huve a tex- 
Uire partly mechanical and partly chemical. I do not attempt to define 
such a class, Iwcauao I cannot fir upon any characters by which it can 
'^u distinguished from the eecondary strata. 

Def. The stratified rocks below the secondary, are distin- 
guished by the absence of organic remains, by having a sU^c- 
tare more or less crystalline, and by being more highly inclined. 
They are called fri-mary rocks. This term has also been ap^ 
plied to the unsttatified crystalline rocks. Mr. Lyell has pro- 
posed, as a Bulatitute for piimary, the term hyfogene; meaning 
"nctkn filmed rocLi, or rooks which have not assumed their 

f resent form and structure at the surface." Ekm. Gtol. Vol. 
■p 20 
7? m D Hallo^' Dr Maccullooh Prof Phillips, Mr. Lyell, and some 
othp's in lu le sonje of thi, foasdilerous rocks, — as clay, slate and gray- 
wuckp — in the priin-xry dais as nisy be seen on the tabular Tiew at the 
bi I of tha oec'ion 

Desrr Immediately beneath the primary stratified rocks, we 
find the unitratified ones 

hif As this IS found to be the case wherever the stratified 
rocks have been penetrated, it is inferred that the internal parts 
of the globe, beneath a comparatively thia crust, are made up 
of unstratified rocks : at least to a very great depth. 

Descr. Among the primarjr rocks there is no settled order of 
superposition. Perhaps gneiss most commonly lies immediately 
above granite ; but the other members of the series are frequent- 
ly found also in the same position. 

Descr. Among the fossiliferous rocks there exists an invaria- 
ble order of superposition, 

Es^crplimt. In a few oases, internal forces have not merely lifted 
opMi theit edges, but actually overturned strata of considerable l\ack~ 
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! ras The Bechon in Fig 34 wis taken m Ite Alps, and exlubiis a 
I i»e of this kind G, la gnPiss, h, h, hmfstone, 0, conglomelate, lo- 
eilly cilleil m^lefne Wow ths limcBtone is re^llj an oldef rock than 
tlio LOiiglomerate , and yet it kes aloTO the conglomerate, liecause the 
1 . 1. _T.___, 1 '- hnng tlie newer loiiks beneltll 

} instances the strata have been folded tu 

sceln and m such a manner a-i to bring 

t ot the newer locks beneath the oldei Fig 2G, la 

Fie;, 'iP a section cff this cha 

~~ ractei Uiigiually the 

strata jieio pnhably 

folded, as 13 shown by 

the curved (mes pass- 




Slates, 

as would be desir 

dip on other p 

sac Mounlains, 

slate, talcoee si 

are dther perpe p 

members of the ate d 

strata becmne an 

rocfes lie Bf^>ar bo es pe an p 

themselvBS nea nc H 

liver; a bread ea W ppo in 

strata between, ose be om H 

Mountain, or th "M as p oi 

in fig. 27 i wh Ian M f ca cos 

slate, S, for cla gr ci hi a 

state, imagine po po la 

Bitremiliea of hea ebi H 

where we have ol 

time we may suppose an upward strain upon the strata from gas or melte-l 
matter beneath. The effect wouM be to bend and fcid together the atrala, 
as they are shown upon fig. 28. If afterwards th^ were denuded by 
water, to the depth of the irr^lo/ line A A, their character, dip, and out- 
line would cetreapond aasentiSly to what we find between Connecticut 
and Hiidaon rivers. It appears further, from the Geological reports of 
ProfisEors Mather on New York, of Prof. Henry D. Rogers on Rew 
Jeraoy and Pennsylvania, of Prof William E. Kogera on Virainia. and 
"'°— ' ■^ -- -^ --' ■■- -^ -v, ^J,>Ji^^.- 



of Piofi Tfooat on Tennessee, that these si 



« rocks, with mmilttr ii 
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LATA. 3? 

«an of their iip, occur in all those atatee, forming a eonsidoi'able part 
of the Appalachian Mountnins ; and that in fiiet they eitend almost un- 
interruptedly from Canada to Alabama i a distance of neatly 1200 miles. 
And if the above theory of the folding and ini-erslon of this belt of rocka 
iie correct in the latitude of MaBaaciiusstla, it is without doubt truo 
~" an wc doubt that agencies suBi- 
Co/tn. River. " 
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36 STB. 

dentlf powerftil have open^ed oKeii in natate to produce these efieota; 
altlioDgh it is diilicule for the miuJ to become fumiliKr with such Btu 
pencJoHB forces. (See tkia theory farlker ducidated in the FiruU JReport on 
the Garfogy qf JMnssoeftjisci/s, Vol. 3. p, 5T7, and in ilic first Anniuer- 
sary AtMresa before Hie Associalion gf Amei-kim Geologists at PUladd' 
phia, 1841. Also, and especiaUy.in a paper by the Pr^esscn-s Rogers, on Ihl 
Physical Structare qfthe Apaladaan Chain la Trans. Amer. Ass. Geologic 

Descr. Sometimes the strata, after descending in an inverted 
position from 1000 to 1500 feet, curve in such a direction as to 
bring tliem into tlieir proper position ; as is shown in Fig. 20, 
taken in the Alps. 



Fig. 29. 




Dtscr. One or more roc];s ai'e frequently wanting in the 
secondary series, which brings those of very different ages into 
contact: hut the order of arrangement is never thereby dis- 
turbed. 

Exam. Thus in Fi^. 30, on tlio left side of the central mufs of granite 
(A,) we haTe the primaiy (B,) the secondary (C,) mid tertiary (D,) in 
regular order; hut on the other siile, the secondarj is wonUog; ond the 
tertiaiy (D,) lie directly upon the primary (F,) as well as upon Uie graniW, 
while a depoeite of drift (E),) comes in contact with all the {oroiatiens. 

Other Systems of Clas^Jication. 

Rem. Most of the EyeCemE of classificnlion of the stratified rocks, de- 
scribed in the following paragraphs, are eiliibiled synoptically on the 
Tabular View appended to this Section. 

Descr. Dr. Macoullech divides the strata into lour principal elasaee. Hib 
AUiaial Class embcaces alluvial and clrit^ : his Tertiary Glass is the same as 
that already described: liis Secandari/ Close cj'Ltends no &rther downward 
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r CLASSIFICATION. 




than to the bottom of the old red aandstone; and the romainder of the 
fudtiferous loclcs, with the Btrntified noD-foseiliferone ones constitutes hia 
Primai'y Class. He also dialribntes the unBtrsiifiad roclie through (he two 
latter cIbssm, and adds a fifth, or the Volcanic Class. Reckoniag the strati- 
fied and unelratified lucka together, he divides ttie whole into ten groQpB, 
which he also denominates cTasEee, b; the de^oation Protolith., Deuiolilh, 
&c. This kttei arrongemant he denominatea the Nalia-al Systm, and the 
former the AHifdal S^em. Maavllodi's Syskm of Geology, Vol. 3. p. 78. 

Desar. In Rev. W. D. Conybeare's arrangement, alluviuui, drift, and the 
ternary strata, are cnlled the Superior Order: the rocks from the challc tc 
Ihe coal measures, form his Snpemtediol Order! the coal nieasures, car- 
boniferous iimestone, and old rai sandstone, form hie Medial Order: the 
xemaining fbssiliferous rocks constitDte his S\ilimedial Order! and tlie strati- 
fied ptimatj groups his Inferior Order. The nnsfratified toolis are distri- 
bnted among the stratified, according to their suppOBed age. This Bystem 
has the ment of bong both simple and free trom alt hypothetical allusions. 
Cottybeare and Wm, Phillips's Geohga of EngUiid awl Wales, Vol. I. 1833. 

Descr. De la Beche divides all rooks into two great classes, the Sl/raiified 
and Ihtsliraiified. The latter he treats as a single ramily : the toFmer, he 
subdivides into ten groups. The first is called the Modern Grav-p, and 
corresponds to alluvium: the second is the Erraiic Block Group, correa- 
poniiing to drift; the third, the SapercretiKxous Grotip, embracing the 
tertiary strata: the fiiurth, the Cretacemis Group including only the chalk 
and some associated strata; the fifth, the OoMlic Group, comprehending 
the oolite and the lias : the sixth, the Hed Sandslone Grotip, or the nevir 
red sandatone: the seventh, the Carbeniferotis Gratp, containing the coal 
measures, carboniferous limestone, and the old red sandstone ; the eighth, 
the Grm/ioacke Group, or the graywacke formation ; the ninth, the iMaest 
Fossiliferous Group, or ibssililerous slates lying below the gr^macke ; and 
the tenth, the Primary Slraiified Non-Fossilfferous Rocks. This arrange- 
tnent is also natural and satiafaelorj. De la Beehe's Man. Geol. p. 38. 
fixrd edUion. 

Desar. Mr. Lyeli embraeea the rocks in Periods and Groyais. The first is 
Ihe Post Pliocene Period, including allu'inm and drifts The second is the 
Tertiary Period, subdivideil into the newer and older PUecene, the Miocene, 
nnd the Eoce'ite, The third he denominates SeamdoTy, ivhich extends to the 
bottom of the old red sandstone : next succeeds his Primary Fbssiliferous 
Period, nhich includes all the remaining ibssiUferous rocks. His Melor- 
•marpMc Rocks embrace all the stratifieil non-fosaififerous groups. The un- 
stratified rocks are distributed through these soveral classes ; and he has 
likewise made a division of those unatratifled rocks, that exist below the 
stratified ones, into PrMari/ PbUoaic, Secondary PMonic, Tertiary Phi^ 
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tonic, and JReeeni Plutonic, reckoning 'ill ~ deaceniling oi'dci. BleaiM. 
sf Geohgii, Vol. 3. p. 170, 

Deter. ' Onialius d'Halloy, a Francli geolopat, in 1831, proposeii Ihs 
following ajstem of arrangamBtit. He fiist divides all toeks iato Neptit- 
mail, ot tha atratilied, anil llie PhUmdan, or Qnstratifieii : then undei 
his first clasa, or Modem I^itaalion, ta planeB alluvium ; oniJer feitiar} 
FbrmaiDms, he pals drift and Ihe tertiary strata ; under Ammimeita ^\nTiui- 
lions, he inelndea the subjacent loeia aa uu' oa &e coal oieEuearea; ano 
under Hsmhjsia-n Formatibns, all the remaining stratified rocks. Tha 
Unstratifiad ones hs divides lata tna classes; the first, emlirscing graniCo 
and porphyry, is called Agah/siani the second, embrainng basalt, trachylfi, 
DJid laVa, la called PyroidaL His three first classes he also denominales 
Scaindaru; and the remaining claaa of BtrncUled rocts, with the first di- 
Tiainn of tJie uostratifled, Priinm-dial. Ekwu^Us ds Geotogie, pm- J. J. 
lyOmoHiiS IfSaUoy, Paris, 1831. 

Deser. ProE Alexander Brongniart, onoiher dislinonished French gew- 
logiat, in 1839, proposed to omhraEe all the rocks nnifer the Jimo,ib Period. 
or the exia^Qg era; and tbe Saiutiiian Period, or the era preceding th6 
last revolution of the globe. His first period embraces only alluvium' 
which he divides into the AUaniai, L/tisian,, and Pijregenotis Fbrmaliims. 
His second period ombracefl, first, the Stralzjied or Neplmtiaa Form/dims, 
and secondly, the Massive or l^tenia™ FmiKiUons. Tha first of these ii 
chvided into the CSs/mhoss FormjiMons, or drift ; the Jzeraian FrnvialiejiSj ot 
the tertiary strata, and the secondary as &r down as the monntain luue- 
Btone ; Hiimiigdaa Fonnalioiis, embracing all the remaining fosaiUferous 
strata ; aud the Aedipam Formations, which include all Ihe primary strati- 
fied rocks. His TytJionian class he diTidas into tha PhUenian,, and F)!icfl- 
(iia» Farmaliinii. 'iWeem, des 'iirraim, (jv. far Prof. Ai. Brongniart, 
Paris, 1^9. 

Desa: EoEet, another French anther, in 1835, divided all rocks into 
two great Series, the first embracing the stratified, and the second (he un- 
BtroiiSed rocks. His first series he relers to sij geognostie epochs, the 
first embracing alluviamj the second drill, the third the tertiaiy strata, the 
fourth the subjacent locks as deep as the coal measuras, the tifUi the 
remaining fossiliibrous rocliB, and the sixth the non-ibssiliterous strntified 
tocks. TVoife Ekm&alaire de Geologic, fiar M. Hoset, Pmis, 1835. 

Descr. Dr. Mantell propoaes a chronologioal arrangement of the rocks. 
His two great classes are the Fossilifertms Slrala, and tho Mdamorphic 
RBots: tha latter embracing the unstrarifled rocks as well as the stratified 
""«imary. Under Modem and Atideni Aliumwn, he places allnvium and 
Jrift, Welt come the TerliaTy Strata: then, as the first group of the 
secondary formations, the Cftatt or Orelacemis Syslaa. The second groap 
ia Ihe Weidden; the third, the OoUie; the fourth, the Lias; the lillb, the 
S^firaas Shata; the sixth, the CarboKiferous System, or Coaii the 
seventh, the Siherian ^sfem, or upper members of the waj^wacke series ; 
and tha eighth, the Caaibrian or Orayvjoeke System. Hia metamorphic 
rocks oomprdiead three groups. 1. Miea ScMsl. 3. Oneiss. 3. Gra-nite. — 
ManteWs Wonders of O^gy, Vii. J, p. 178, London, 1838. 

Desor. Professor John Phillips divides all rocks into the stiatified and 
nnstrarified: and then, like De la Beohe and Dr. Buckland, he does not 
Bllemptto distribute the latter among the former, but (reals of each class 
separately. The stratified cl^s he thus subdivides. Alluvium and drift 
tiie placed nnder Supffr/kitd Accunivlaiiinis. and denominated, Allvvio' 
DepesUioas and DiiieuiisE Dmosildmts, The tertiary strata he divides into 
tho Crag, F^e^water Maris, aiid Lmidon Clay, The secondary strata, 
which extend to the bottom of the old red saadstone, he divide into thr 
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Crs/nceous Syalem, l/ie OoKfic System, Ika Saliferavs or Red Saiidstimc Sy^ 
[em, and the Carbaniferiras Si/stem. Next aucceed his Primary Slrata, which 
cinbraCB the SUuriaa System, the Catnlnian or GraywacJce SyeUm, tin S/dddam 
ur Clay Slaie SVsiom, ihe SlUa SMd S^tem, and the Oneisa System. The 
Eubdiviaoii of these sjslems may ba aeeo in the accompaajiog table. Treat. 
sn Geol from the Emychpiedia ByUanniai, VoL 1. Bdinbarg, 1838. Aha 
a Treat, on Geol. in 2 Vols. London, 1837 and 1839, in Cabinet lAbrari/. 

DescT. The moat important chnnges in the classification of Ihe Httatified 
Toc^s that have of lute twen proposea, ore those by Dr. Murchieon, and Pn>- 
fcesoF Sedgwick, in the gniup that hsB long been known under the general 
name of graywacke. Tlie formec gentlenuui, after years of study, hae pco- 
diiccd a Eplendid quarto, with a geological m^i, upon the upper members of 
these strata, which he denominatea tHe Siiurian Group, because it is well 
developetl in the ancient British lungdom of the Silurea. The lower mem- 
bers of the graywacke 'with some sjates, Prof Sedgwick denominates the 
Cambrian System, because fully developed in North Wales. Philiip^s Trea- 
tise on Geology, Vol. 1, p. 56. It saams now, however, to be pretty well as- 
certained, that the Silurian and Cambrian systems cannot be separated by 
their oigajiic leui^ns, and must therefore be considered as one group. [Mut- 
c'lisan's Artniversary Address before the Lond. Oeot. Soci.Xor 1833.) Accord- 
ingly they are so loprcseDled in ihe classiGcation by Professor Ansteil, in the 
Tabular View annexed. His Tertiary Period extends from the top of the rock 
ueries ta the chalk. The chalk he calls the Newer Secondary ; the Wealden 
and OoEte the Middle Secondary ; the Upper New Red Sandstone oc Triassic 
S jbIbiq, the Older Secondary ; tlie Lower New Red, oc Permian System, and 
the CarbonifcTODB Syatsm, form bi» Newer Palieozoic Period ; the Devonian 
Systeoi, or Old Red Sandstone, Ms Miitdlc Palieozoic. aniE the Silurian and 
Cambrian Systems, {divided into Upper and I^wer,) hia Okler Pakeozole ; 
while thenon-fossiUferoUB rocks he denominates Che MetamorpMc. Thisclas- 
silimtion corresponds essentially with the views nf Professor Sedgwick and 
Mr. MmiJhiaon. See AntteiFs Oeohgy, 9 Vols., Lorulon, 1844. Tie smalleir 
groups of rocks, adopted in this work, correspond with those of Professor 
Anstfd. 

Deser. The System of the New York State GeoSi^s in the Table, ent- 
braces only the rocks found in that State, whei-e the Cretaceous, Wealden. 
Oolitic, and Liaasic gronps, are wanting. Their Quaternary system embracea 
Alluvium and Drift; next comes the Tertiary ; neit the New Rod Sandstona, 
enibradng the Triassie and Permian Systenis; next the Cariianiferous ; next 
the Old Red Sj-alein ; next the Now York System, (two groups of which, 
according to Mr. Hall, correspond to the Devonian System of England— sM 
flail's Slate JReport, p. 30,) embracing the European Silurian System, and 
subdivided into four principal, and twenty-eight minor groups ; next the Ta- 
contc System, which, according to Professor Emmons, is fossilifecona, and 
distinct from the New York System, but according to others, it is the lifter 
metamorphosed by heat | finally, the Primary or Hypogene System. 

Descr. The System by Prof. W. B. Rogers of Virginia, and H. D. Rogers 
of Pennsylvania, unbraces the rocks of the United States. They b^n vrith 
Klluvimn and drift; anddividiiigtheTcrtiary into four groups (Post-PMocene, 
Pleincene, Miocene, and Eocene,) they denominate the wWe the Cainoioio 
Period. The Cretaceous rocks, (diviiled into Upper, Middle, and Lower," 
and the Oalilio Coal Series of eastern Virginia, they cijl the Mesozoic 
Period; the Upper New Red, Che Triassie Series; and all the piaiod be- 
tween the Trios and Clay Slate, they call the Apolacliian PalffiOioio Day, 
which they divide into n'me portions, which refer to the lime of day, and 
whose correspondence willl tne New York System will be seen upon Clw 
Tabular View. 

4'" 
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Desar, Th« last system in tiie Tabular View, presents a classification fbunded 
upon PB.1ieontotagy, or Organic Remnins, nhicli I Tentiire to suggest as aams- 
tiines convenient. Tlie first column mutis out Ihs vertical limits aftKe differ- 
ent ajslems of organic life tfiat have aiipenved on the globe, so far as they have 
been wall aecerCBiaed. The lowest, embradog all tlu roc.ka bolow the Silii- 
nan, is called Azoic, that is, destitute of organic bcin^; the Eecond extends 
to the top of the Silumn, Bjid is callod Prolozoic, that is, the Grsl organic sb' 
lies; the third ODibTaces the Devoniim, Carbouiferons, and Permiiin systenu, 
and is called the Deiitozoic; the third, or Trilmuic, emhroces only the Trias; 
the fourth, or Tetrazoic, only the Lias and Oolite ; the fifth, or Pentesoic, tho 
Chalk; the sixth, or Hectozoic, the Tertiaiy Strata; the Mxth embraces Drift, 
and is called Heterozoiv, bocaosa the organic minidns me derived alomst ex- 
ciuaiveiy &om other fbraiations ; the seventh is the Eeptozoic, and embraces 
alluvium only. The second column, expresses the animal or substance most 
cliaracterisdc of the different groups. Thus llie Heptazoic is HomunilerotiB, 
or containB the remiuus of man; tho Heterozoio is Fmgmentifiiroiis, or 
abounds in fi'agmenCB: the Hectozoic is Mammaliferous, or contains the re- 
mdns of mammalia ; the Fentezoic is Foraminifcroua, or abounds in Foni.ini-> 
ni&ia ; the Tetrnzoic is DinosaurilbroUB, (containing land Sanrians,) Pterosaii- 
rifarous, (containing flying Samians,) and Endioaaurifcrous, (containing 
marine Saurians;) Che Tritozoic is Ichniibroue, hecanse abounding in the 
tracks of animals ; the Deutozoic is Ii^hthyferous, because containinnpeculiar 
liah, and carboniferous, bscauso BhnundiDg in coa!; tha Protcioic is Cepba 
iopodifi>rous, hecaiije abounding in Ccphalopod shells; Polypiforoua, becaiiso 
abouciiing in Corals; Trilobiferoua, because abouoilin^ in Trilobites; and 
BrachiopoJi&ro us, because abounding inBrachiopod shsTls; the Azoic seriee is 
Cryalaliferous, becauss abounding in Crystals. 

Rem, A cursory view of the table is apt to convey the impression that al- 
most everything rela^ng to the i^assificatiuii of rocks is unsettled, and that' 
thora is srtrcely any agreement among the different systems. Some explana- 
tions and inferences, Uieretore, seem desirable, to present the subject in its 
true light, 

Pria. In judging of a classification of natural objects, it is important that 
ne disl^Dguisb. natural from artificial characters. Thus, in botany, plants may 
be divided into classes and orders dapanding upon tho number and atuation 
of the stamens and pistils of th^r flowers; or upon the anatomical slructura 
of the plant. By tho first arrangement we shall bring together plants the 
most unlike in their general properties ; and therefore, there is no iiecesaary 
connexion betvfeon those proper^ea and tha number and situation of the sta- 
mens and pistils, and hence such cliaracters are artificial or arbitrary. But 
tliose plants which are alike in anatomical structure, correspond in most of 
thHr properties ; and auch characters, therefore, are natural. 

Inf. 1, In applying this jnindplo to rocks, we find flrat, thai their divis- 
ion into stra^fied and unstratified is natural : that is, it brings together those 
kinds whose origm and other important ubacaclera are similar. Now we 
shall find that this division enters into nearly all the more recent systems of 
classification tliat have bean described. 

Inf. 2. In the division of the rocks into fossiliferous and non-foe^iferous, 
all geologists agree: and in fact there is scarce a possibility of d s-igreemeni 
on this point. So that here we have another important natural charautet a 
the basis of classification. 

Ijif. 3, In nearly all the systanis of clasafication, the larger formal ons 
coindde ; which is a presumptive proof that they are natural ; eim^ so uany 
Cerent observers agree in forming their boundaries. These format ons 
ought perhaps to be regarded as the spaUs in geology. 

Inf. 4. Classification fbunded upon the relative age of differs t rocks is 
entirely natuial, because all observers a^ee that Ihey were pro lu(.ed at dil- 
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EIXHENTS OF THE BOOKS. 

rerant limes. But oa supOTpoHtion and organic ramains are the only safe ci 

a be oscertidned 



teria of relative age, there is ground for a diveraity of opinion in assigning 
■ different formaUons ; Hiice these criteria 



soine^nies only imperfectly. 

Inf. 5. Characters dependenCnpon eheareticalconsiclen^na are artiUcial, 
since few of the theories ate bo cartoinly settled as not to be liable to consid- 
crablo modification. Hence such terms as primary, transition, secondary, 
lertiaiy, drift, &c. aire objectionable, if they are not understood to refer Him- 
ply to Bupeiposition. 

Rem. Neology is often a greater evil in science than the conHnued use of 
objectionable terms; continued, I mean, until terms are proposed nhich are 
BO decidedly good as to force ttemseltea into use. It is jiortiy on this ground 
that the terms primary, transition, secondary, and tertiary, still continue in 
use. But it is partly, also, becausa, apart from theoreyca! views, there does 
esist in nature some foundation tor a division of iJie rooks into groups of this 
sort. Still thoEe more numerous groups or formations into which the beat 
geoloelBts now divide nicks, are much more natural; and it is to be hoped 
tliatthey willsuon come. into general use, so as to exclude the terms primary, 
secondary, &c 

Lif. 6. Characters founded Upon UthologicaJ distinctions aro ar^ficial, for 
the same reason that thoao derived from Ihc number of stamens and pistils 
are bad in botany. 

Inf. 7. Discrepancy in classification ofien springe from carrying the sub- 
divisions of a formation too fer, for the same reason that characters m botany 
and zoology could not be depended on, that were derived {foiq the varieljes 
of a species. 

Inf. 8. Finally, it appears that in all the essential principles of 
the classification of rooks, geolc^ists are nearly agreed. They all 
admit one class to be stvatified and another unstratified ; — one por- 
tion of the stratified rocka to be fossiliferous and anolher portion 
not fossiliferous. And they generally agree, also, as to the extent 
of the different distinct formations ; although some would make 
their number greater thao ofhei-s, — 'just as it is in respect to species 
in mineralogy, botany, and zoology. Now these lliree principles 
are all that are essential for classification ; and some of the beat 
geologists, as may be seen by the table, limit themselves to these. 
Uut if others choose to subdivide the formations still farther, and 
toreferthegroupstoprimary, secondary, &c. classes, even though 
they differ widely here, it must not be hence inferred that they are 
'n respect to the essential principles of classification, 



SECTION IT. 

THE CHEBISTKT AND MINEHALOGY OF GEOLOGY. 

Descr. Of the fifty-four simple substances hitherto discovered, 
sixteen constitute, by their various combinations, nearly the whole 
of the matter yet kno^vn to enter into the composition of the globe. 
They are as follows, arrangedin three classes, according to their 
amount ; the first in each class being moat abundant. 
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J . Metalloids, or the bases of the earths and alkalies. 

I. Siliciiim, 2. Aluminium. 3. Potassium. 4. Sodium 
5. Magnesium. 6. Caleimo. 

2. Metals Proper. 
1. Iron, 2. Maiiganese. 

3, Nott Metallic Substances. 

1. Oxygen. 2. Hydrogen. 3. Nitrogen. 4. Carbon. 5. 
Sulphur, 6. Chloriae, 7. Fluorine. 8. Phosphorus. Be l^ 
BecAe's Researches in Theoretical Geology, p. S2, Amherst, 1S37. 

Descr. The metallic substances mentioned above, united with 
oxygen, constitute the great mass of the rocks, consolidated and 
unconsolidated, accessible to man. Oxygen also forma twenty 
per cent, of the atmosphere, and one third part by measure of 
water. Hydrogen forms the other two thirds of this latter sub- 
stance ; and it is evolved also from, volcanos, and is known to 
exist in coal. Nitrogen forms foiir fifths of the atmosphere, and 
enters into the composition of animals, living and fossil. It is 
found also in coal. Carbon, however, forms the principal part 
of coal ; and it exists likewise in the form of carbonic acid in the 
atmosphere, though constituting, only one thousandth part. 
lAeHg's Organic Chemistry, p. 74. First Aater. Edition^ 1841. 
and it forms an important part of all the carbonates, and is pro- 
duced wherever vegetable and animal matters are undergoing de- 
composition. Sulphur is found chiefly in the sulpharefs and 
sulphates that are so widely disseminated. Chlorine is found 
chiefly in the ocean, and in the rock salt dug oat of the earth. 
Fluorine occurs in most of the toalta, though in small proportion 
Still less is the amount of phosphorus, though widely difi'usal 
in the rocks and soils, and abundant in orgamc remains. 

Descr. Nearly all the simple substances above mentioned 
have entered into their present combinations as binary com 
pounds; that is, they were united two and two before forming 
the present compounds in which they are found. The following 
constitute nearly all the binary compounds of the accessible 
parts of ihe globe. 

1, Silica, 2. Alumina, 3. Lime. 4. Magnesia, 5, Po- 
taesa. 6. Soda. 7. Oxide of Iron. 8. Oxide of ft 
9, Water, 10, Carbonic Acid, 

t only that these binary compounds, and the s 



Host..:[jvGoOgIf 



Descr It has Lten calculated that o 
eejit of the _ 

ocntajns 4j per cent of silica and at least 10 per cent, of alu- 
inina Potassft eon«ititiite'J nearly 7 pet cent of the unstratified 
liclts and onteri Hrgelj into the composition of some of tie 
atratihed class Soda forms nearly C per cent, of some basalts 
ind other leos etten'five unstratified r jcks ; and it enters largely 
into the composition ol the ocean Lime and magnesia are dif- 
fu'iGd "ilmost nnivetsallj among the locks in the form of Eill- 
citea and carbonates — the carbonate of lime having been esti- 
mated to form one seventh of the crust of the globe; at least 
tlirpe pei cent of all known rock? are some binary combination 
of iron, such as an oxide, a snlphnret, a carburet, &c.; manga- 
nese is widely diffused, but forms much less than one per cent, 
of the mass of rocks, 

Descr. The following table presents an approximate estimate of the 
•nean amount of niatallic bases and of oxygen in some of the important 
rooks. PhiMips's Treatise on Geology, Vol. I, p. 24. 

100 parts of Granite— 53 MetnUio Basis 48 Osvsen. 
Basslt— 57 " 43 

" Gneiss— 53 " 47 

" Clay State— 54 % " 4S " 

" San.(sli)i:e— 49 to 53 " 47 to 51 

" Limestone— 53 " 48 " 



Descr. The following 


table ahi 


]WB 


the appro\ima 


te amount of sihca 


S.nd alumina in the most 






cks. 












19,31 Alumina, 




54!86 






15,56 


Basalt, 


53,00 






14,13 


Compact Felspar, 


55,50 






21,00 


Giiei^, 
Mica ^lats, 


70,96 






15,20 


67,50 






14,S6 


Hornblende Rock, 


54,86 






15,56 


Taloose Shte, 


78.15 






13,20 


See De la Beche's ResetmJtes in ' 


Tfiearchcal Geology, 


p. 29 and 30. Also 


I'raile Ekmentaire de Minei-aUigi 


e, 1 


'O.rS.F. Beudant, Tojnel, p. lia 



Descr. Seven or eight simple minerals constitute the great 
mass of all known rocks. These ate 1, Guartz , 3, Felspar ; 3, 
Mica; 4, Hornblende and Augite ; 5, Carbonate of Lime; 6, 
Talc, embracing chloric and soapstone ; 7, Seipentine Oxide 
of iron is also very common ; but it does not usually show itself 
till the decomposition of the roek commences 

Obs. The student of fieolo^ should become very thoroughly convetaaiit 
ivith tlieae minerala in all their modifications; for in the lucks their cha- 
(acters are often Tety obscure. 

Descr. Other minerals forming rocks of small extent, or en- 
taring so largely into their composition as to modify their chu- 
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*6 POSITION 

ractei, are the following ; sulphate of Lime, diallage, cnloride of 
soditun (common salt), coal, bitumen, garnet, schorl, staurotide, 
epidote, olivine, pyrites. 

Descr. A few of these minerals exist in so large masses aa 
to be denominated rooks; ex. gr. quartz, carbonate ot' lime. Sec. 
but in general, from two to four of them are united to form a 
rock ; ex. gr, quartz, felspar and mica, to form granite. lo some 
instances the simple minerals are so much ground down, pre- 
viously to their consolidation, as to make the rock appear ho- 
mogeneous; ex. gr. shale and clay slata. 

Descr. Water constitutes a part of nearly ail rocks ; but in 
most cases it appears to be meohauieally combined ; for with one 
or two exceptions, it does not exist in the simple minerals that 
enter into the composition of roeks. 

Oil. In the siniple minerals that have been enumerated, analysis 
has detected watrr only In the following- 
Sulphate of Lime (Gypsum), 19,89 per cent. 
Serpentine, 12,75 
Diallage, 8,20 
Talc, 4,30 
Pyroxene (a few varittios), 3,74 
Mica, 3,te 
Claartz, 1,63 
Hornblende, 0,65 

Geological Siiuaiion of Useful Rocks and Minerals. 

Prin. The rocks and minerals useful in an economical point 
of view, are in a few instances found in almost every part of 
the rock series : but in a majority of cases, they are confined to 



Granile, Siieiiilc, and Pi>rpAijry' found inlrudeil amonc all the attWified 
rocks as high in tbe seriea as the tertiary strata: but they ate almost en- 
(irely confined to the primary rocks. De la Bech^s Manual, p. 9i. 

Greenstone and BaMl are found among and overlying all Llie primary and 
■ecauilary rocks : bat they are mostly connected with the secondary strata. 
StacaiMoch'i Si/stemaf QeolagJi, Vol. 3, p. 102. 

Lava, some varieties of which, as Pepcrino, are employed in tha arts, 
being the product of modern volcaaoB, is found occasionally overlying every 
rock m the series. 

Clay: tbe common varieties used fiir bricks, tartben ware, pipea, Stc , 
oocnc almost BXclnsively in tbe tertiary strata : but we have reason lo tbink 
some of them 1>elong to tbe period of drili. Porcelain clay results from the 
decomposition of granite, and is found in connection with that rock. 

Marl, or a mixture of carbonate of lime and clay, is confined lo llie 
alluvial and tertiary strata : and differs from many varieties of limestQce, 
ODly in not being consolidated. 
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POSITION OF COA-L. 47 

I/imfsloni:, from which every vaiietj of marble, one ■vMietj of alabaster 
Knd every sort of qiiickliiue are oblainecl, is tband in almost every rock, 
stratified and unstratified, below drift, tn the oldest sti'atified rocka 
end in the unsti'atificd, it is highly crystaUine; and in the newest strata 
{ex. gr. chalk) it ie often not at ail cryetallina, Tha most estaemed marbles 
are obtained from the newer primary and older aecondarr strata. 

Serpentine occurs chiefly in connexion with the older stratified rocka. 
This is generally the case in N. England, It is found, however, with somo 
Bemndary rocks, and not unfrequently with trap rock. 

Sidphale of lAiae, or Gypsw/i, which produces one variety of alabaster, 
and is employed for taking casts, fonning hard mortar, and spreading 
upon land in the state of powder, occurs chiefly in the new red sandstone 
series, tt is found also in the lias, oolite, green sand, and tertiary strata. 
In lliis couiilrv it is found associated with tlie oldest of the secondary 
(trailsilJon) locks. 

Heck ^cdt (Chloride of Sodium) is frequently found nssociated with 
gypsum in the new red suidstone. It occurs also in the supercretaceous 
or terUary strata; as at the celebrated deposite at Wielicika in Poland; 
and i^ &ldly, and Cardona (Spain), in cretaceous strata: in the Tyrol, 
in the Oolites; and in Durham, England, salt springs occur in the coal for- 
mation. In the United States they issue from the Silurian rocks. Bnck- 
laiu^s Biidgevtaier Trcalise, Vol. 1, p. 73. De la Bsche's Manual, p. 246. 

Descr. If vegetable matter be exposed to a. certain degree of moisture 
and temperature, it is decomposed into the sn)»tance catltS peal, which is 
dug from swamps, and belongs to the alluvial formation. 

lAgnile of Brmcn Coal, the most parfiict variety of which is jet, is tbund 
chiefly in the tertiary strata; someUmes in the higher secondary; and 
appears to be peat which has long been burred in the earth, and has under- 
gone certain chemical changes, whereby bitumen has been produced. It 
generally exhibits the vegetable structure. 

Biiiamini/iis Coal appears to be the same siibstance which has been 
longer buried in the earth, and hiis undergone still farther changes; though 
their preciso nature is not well known. Its prin<^pl deposite is in that 

Bi.rt of the Eocondary series called the coal formation, or coal rneasurea, 
ut it occurs in ematl quantity in the new rod sandstone series, tn England, 
} olaud and MaEsachusetts and m Scotland it is Worked in the liaa 
I ! estone A thick bed of it has also bei n fimnd in the pla^o elay of the 
tertiarj strita in Hesse Onybem-^s Report (1832) on Geology to the 
DiitiSi A^'soaalion p S'^O ALo Pliilosnpkuel Magazine, Irf 2 New 
St7ifS p 101 and 1(S 

OJi The French gcolog sts desciibe a variety of coal intermediate m 
Its cliarac'era and postim between uinnel c lal and lignite but jt la 
doubtful whether on slrn-t mineralogital pnnciples even lignite can be 
sepirated from bituminous coal jSet JhiUau,): (les fh^aiiis par Al Bi&ng- 
nijcrt, mid Traiie Elemetiiaire de Minmidogie par F. S. Baidajd. 

The principal depodte of anthrafate in Europe, is in the graywocke forma- 
tion ; and it is suwosed that this substance is common coal which has 
undergone sUII farther changes and lost its bitumen. In this county, 
however, there is reason to suppose, that the vast deposite of anthracite in 
Pennsylvania, the largest in the world, is associated with the common coal 
measures. See Prof, li D. Rageri Second Anrmdl Report on the Oeohgica. 
Exdnrcdion of ifte Slate of Painsylmaaa, 1838. 

The anthracite of Rhode Island, and the southeastern part of Massa- 
ehusetts is in a rock whose eiact place in tha series has not been satiB- 
factorily determined. But probably it may belong to the coal formation. 
In Worcester, the anthracite occurs in a sort of bastard mica slate. On 
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48 THE DIAMOND, OOLDj £TC. 

the continent of Europe, it ocouta also in mica alale, in pcimarv Iimettone 
an<l in gnaiaB. MacaiOncli's System qf GeologT/, Vol. 3, p. 296. 

Pto£ Alexander Broiigniart deecribea a, true antbiiLcite as occurring in 
the plastic clay of Mount Meissner in HesBa. This, however, appears to 
have been formed &om bituminous coal by the action of igneous rocks ; 
and such cases hare led some gealopsts to suppose that antbracile wai 
alwavs thus produced. It occurs id small quantifies in almost all the 
Etratifled loc^ from the oldest to the plastic clay. 

OrapMe, Phsmbago, or Blade Leail, appears fo be aathrabite which aaa 
undergone still Eirtner raineraliiation : at least, in some iostnncee, when 
coal has been Ibutid contignoua lo igneous rocks, it is converteJ intt. 
plorobago ; and hence such may have been the origin of the whole of it 
In the Alps plumbago is found in a chiy state that hea above the baft 
Amiales dcs Scierwai NafyireUes, Tome XV. 1838. p. 3T7 It is found abw 
in the coal formation. Traiic EhmeiUaire de Mmeralogw pai F & 
Beudanl, Tome 3, p. 363. 

Descr. All the varieties of coal that have been dcicnbed, 
occur in the form of seams, or beds, interstratified w ith sandatonea 
and shales : and most usually there are several aeami ot coal 
with rocks between them; the whole being arranged in the form 
of a basin. Fig. 31, is a sketch of the great coalbaaia of South 
Wales, in Great Britain ; which coatains twenty-three beds of 
coal; whose united thickness is ninety-three feet. When we 
consider how much this arrangement facilitates che exploration 
and working of coal, we can hardly doubt but it is the result of 
Divine Benevolence. 




U scr The D amend wh ch i^ pure crystallized ca bon has 
bcei fauni as'iociated wiih new ipd sindbLoi e at Golconda 
India, and nith talcose sKte in Biazd Both these locka have 
been subject to high heat, and heoee perhapa the crystalliza- 
tion of the ciibon Edinburgh Journa? of iacience Vol. X. p, 
1S4 Conybeare's Report or Geology -p 195 and 398. la 
gcntnl the diamond is found in duft , having been removed 
fiom it&ougmal situation and we mav always piesume that 
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PLATINUM, ETC. 



Inf. It hai, b 
the varieties 
getable mat 
varieties wh h 
Vol. 2. p. 29 

Almost ^L Tt p 
chrj^Boberyl, c soj 
clusivoly ID th J 



d from the preceding facts, that aii 
ab described, had their origin in ve- 
1 h t and water have produced all the 
V ii d 3Iacculhck's System of G ' 



such ae the sapphire, einerald, spinel, 
its, giiitiet^ tourimuine, &c, are tbund ex- 
I crystalline rocks. QubiIz in the viiriaus 
lorniB ot TocE toi ai c»rno1i^n,CEicholaDg,sardonjx, jasper, &«., 

ia found some et ry strata, and eapecially in the trap xocka, 

MEOciated wieii the Eeumdaiy tormations. 

Descr. Some of the metals, as platinum, gold, silver, mer- 
cury, copper, bismuth, Stc. exist in the rocks in a pure, that is_ 
a metallic state ; but usuaDy they occur in the state of oxides, 
Bulphurets, and carbonates, and are called ores. It is rare that 
' " '' ' "icient quantity to he an object of 



r in four modes: 1. In regular 

2. In veins or fissures, crossing 

J united to some gangne or matrix. 



y other ore is found ii 
exploration on a large scale. 

Descr. These ores occur 
interstratiiied layers, or beds. 
the strata and filled with c 
3. In irregular masses, 
through the rocks, 

Deser. Iron is the only metal that is found ia ^1 tte forma- 
tions ill a workable quantity. Among all its ores, only four 
are wrought for obtaining the metal; via. the magnetic oxide, 
the speciuai or peroxide, the hydrated peroxide, and the proto- 
c.arbonate. 

Manganese occurs in the stale of a peroxiJe and a hydrate ;-"and ia 
eonfitied to the primary rocks; except an unimportant ore called tl>e 
earthy oiide, which erista in earthy depasileB. 

The moat important orea of copper are the pyritous copper and tha 
carhonatea. These are found in tlio primary rocks, and as high in the 
secondary series as tha new red sandstone; in one instance in tertiary 
Bbata. Wonders of Beobigy, Vol. S, p. 651. 

The only ore of lead of much importance is the sulphuret, Thia 
eenerally occota in the primary rocks both stratified and unetratifiad ; bnt 
It exists also in the newer rocks as high in the series as the lias. 

Tlie deotoitidB of tin is the principal ore of that metal. This is most 
comtnonly found in the oldest formations of gneiss, granite, and porohyry ; 
llso in (he porphyries connected with red sandstone. It is found likewise 
■Jl quanrity safficient lo be wrou^t in drift. 

Of mnc the moat abundant ore is tha sulphuret, which is commonly 
associated with the sulphuret of Iwd, or galena. Other laluable ores are 
the carbonate, siUoate, and the oiide, which occur in secondary rocks. 

The most common ore of antimony, the Bulpb"lret, baa Mtherto li»" 
Gmnd chiefly in granite, gneiss, and mica slate. 
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50 fool's aoLP. 

Tlie itrineipal ore of mercury, the sulphuret, occurs chiefly iii new red 
eandstone ; — soiEetiineB in a, sort of mica elale. 

Silver in its three forms of «, BolphureC, g, salfAuret of silver und anti- 
taony, Etnd a cUaticte, has been fbunil mcstly in primary and transition 
slates : — sometimes in a member of the new r^ sandstone series ; and in 
one instance in tertiary strata. Wonilersi^ Geology, FoZ, 3, p. 651. 

Gold and platinoni always occur in a metallic state; nnd they have 
usually been explored id drift. Th^ are oHen associated, however, 
with the older rock»; and In this country especially, a. gold deposlCe has 
been traced from Canada to the southern part of Georgia., and the metal is 
embraced in the talcose alate formation, in veins, usually of quartz. It ia 
ibund also rarely in graywacke, and even in tertiary Gtrata- 

Cobalt, bismuth, arsenic, &c. are nsnatly tbond associated with silver, 
or copper ; and of coureo occur in the older rucks. . The other metals, 
which, on account of their small economical value, and minute quantity, 
it is unneceaaary to particclaiize, are also found in the older strata', tre- 
quently ouly disseminated, or in smalt insulated masses. 

Obs. An eKcellenl and much more extended view of the geological 
ntnation of useful minerals, may be found in Beudant's TraHe Elimien- 
taire dt Mineralogie, Tome Premier, IAw$ Quartimie ; Pai-is, 1830. 

Inf. It appears from the facts that have been detailed reapect- 
ing uie situation of the useful minerals, that great assistance in 
searching for them may he derived from a knowledge of rocks 
and their order of superposition. 

JBus. No geologist, for instance, would expect to find valuable ber^s of 
coal in the oldest crystalline rocks, nor in the tertiary strata; but in the 
Becondarj tbssiliferous rocks alone: and even here, he would have bat 
feeble expectations in any other rock except the coal formation. "What a 
vast amount of unnecessary expense and labor would have been avoided, 
had men, who have searche<l for coal, been always acquainted with this 
principle, and able to distinguish the different rocks I Perpendicular strata 
of mica and talcose slate would never have been bored into at great ex- 
pense, in search of coal: nor would schorl have been mistakao for coal, 
as it baa been ! 

By no mineral substance have men been more decraved, than by iron 
j^itea ; which is very nppropriEiteiy denominated jfeofe* gold. When in a 
pnre state, its resemblance to gold in color is often so great, that it ia no 
wonder those unacquainted wtlh minerals, should sappose it to be that 
metal. Yet the merest tyro in nnneralogy ton readily dislinguish the two 
substances; since native gold is always malleable, but pyrites never. Thii 
latter mineral is also very liable to decomposition, and such changes are 
thereby wrought npon the rocks containing it, as to lead the inexperienced 
observer to imagine that he has got the clue b> a rich depository of mineral 
treasures; and probably nine out of ten of iJiose numerous excavations that 
have been made in the rocks of this country, in search of the precious 
metala, had theii oriain in pyrites, and their termination in disappomtment, 
if not poverty. This ore also, when decomposinc, sometimes produces 
considerable heat, and causes masses of the rock to separate with an 
eiploaion. Hence the origin of the numerous legends that prevail lespeet- 
ing lights seen, and soande beard, in the mountain where the supposed 
treasure lies, and which so strongly confirm the ignorant in thac expecta- 
tion of finding mineral treasures. Now al! this delusion would be dis- 
rinated in a moment, were the eye of n geologist to rest on soch spots, m 
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B the elementary [nindples of geology mote ividely diffused iu the 



it 13 doahtful whether primair gjpum has ever been fl _. ... 

yema since, liowevei, a, fiiinier iu this country supposed thEit he had iOb- 
covered gypsua on his &Tm, and pereuiuied his neighbours that such woa 
the case. They bought large .quantities of it, and it wis ground lor 
agriculture, when accidently it was discovered tlmt it waB only limestone : 
B. fact that might have been determined iu % moment at hret, by a single 
drop of add. 

Caiilion. It ought not to be inferred fmm all that has been 
said, that because a mineral suhstaiice has been toiiiitl in. only 
one rock, it exists in no other. But m many cases we may be 
almost certain that such ond such rocks cannot contain such and 
such minerals. Of these cases, however, the practised geologist 
can alone judge with much eorrectnesg, and hence the importance 
of an extensive acquaintance with geology in the community. 
An amount of money much gieatei than is generally known, has 
been expended tn vain for the want of this knowledge. 

Obs. The chemical chonges which rocks ha'e undergone since tJleir 
deposition, as well as the opention of detomposiog agents to which they 
are now exposed, properly lielong to the chemiotry of geology. But these 
points will bo dcfeired to sulffitqiient srtUons, licciuai they will there be 
bettor understood 



SECTION III. 



Def. The liiliohgical character of a rook embraces its min- 
eral composition and structure as well as its external aspect, 
in distinction from its zoological and botanical characters, which 
refer to ifs'organic remaias, 

I shall desciibe the stratified rocks under tlie ni 
dcr Qsod i) 
fica^ns, g 

Ihe lai^er G , , , ^ , , , _ . _ 

Primary, because these divisions are used by the best English and A 
writers on the subject, and because thei-e is undoubtedly m 
tion tor them in nature. 



od in the first column of the Tabular Synopsis, of the differ^it classi- 
ns, given at the (Jose of Section I. 1 have also arranged them into 
i^er Groups of Alluvium, Drift, Tertiary, Secondary. Palffloaoic, and 



DesGT. The following stratified deposits are (he result of 
alluvial agency. 
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63 BURLS. 

1. Soil. 8. Siliceous Marl, or deposits of 
3. Sand. the skeletons of Infusoria. 

3. Peat. 9. Bitumen. 

4. Marl. 10. Sulphate of Lime. 

5. Calcareous Tufa, 11. Hydrate of Iron. 

or Travertin. 12. Bog Manganese. 

6. Coral Reef. 13. Chloride of Sodium (Sea Salt. 

7. Siliceous Sinter. 14. Sandstones, Conglomorates, 

and Breccias. 

PuTi. Soil is disintegrated and decomposed rook, with such a 
mixture of vegetable aud animal matterthat plants will grow in it. 



BJliCEi, Blumina, lime, magnesia and iron, in about the aame proportion ai 
Ihey are found in the tocks. Silica is much the most abundant ingredient. 
3. The presence of organic matter is easily proved by burning it oiT. 

Descr. Vast accumulations of sand, the result of alluvial 
agency, occur not merely in the bed of the ocean and in lakes, 
but also upon the dry land, where tbey are called dunes Oi 
downs. TKese are composed almost entirely of silica ; and be- 
ing destitute of organic matter, cannot sustain vegetation. 

Dsscr. The manner in which peal is formed has already 
been explained in general terms. (Section II.) When perfect 
ly formed, it is destitute of a fibrous structure, and is, when wel^ 
a fine black mud : and when dry, a powder. It consists chiefly 
of the decompoaed organic matter called geine or humio acid., 
with crenio and apoorenic acids, phosophates, &e part of which 
are soluble, and apartinsoluble, in water. These deposits of peat 
are sometimes 30 or 40 feet thick ; but they are not formed m 
tropical climates on account of the too rapid decomposition of 
the organic matter. 

Descr. Alluvial marl is usually a fine powder consi^tm^ 
of carbonate of lime, clay, and soluble and insoluble geme , and 
is found usually beneath peat in limestone countries , sometimes 
at the bottom of poncb. It is produced partly by the decay of 
the shells of molluscous animals, and partly by the deposition of 
the carbonate of lime from solution in water. It contains nu- 
merous small fresh water shells, and has received the name of 
shell marl. 

Method of detecting calcaTeoiis marl. The great value of this BUlistanoa 
in agriculture, and the confusion that prevails in its deacnption, render it 
desirable to point out a test by which it can be distinguiabeo. That teat in 
ao acid of some sort, the common minerid acids, oil of vitriol, aqua fortis, 
uid muriatic acid being the best ; but strong vinegar will answer, If ttte 
Eubstance eflervesce, when the acid is apphed, we ma; be sure that it r' 
gmuine mail: ' 
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other iinds of iiutrls. . Several othut substances that contMn no carbo- 
nute of lime have ofLen bfen ilenominaled marl Iiy s^c^turists and not 
hithout teauon; furtliey have produced effectB analogous to those of calca- 
reous marl. But it sseniB veiy desirable that terriia should not be applied too 
loosely, and I propose the following designations ibr these substances. 

CakareoTis liuai: that which coDtains carbonata or linie in an; quan^ty. 

SiUceims marl: that in which silica predominates, and no calcareous 
matter is present, 

AUienmisuS marl: Ihat in which clay predominates, and no calcareous 
tnatler is present. 

Qreen samd marl! that which contains green sand. This is the aub- 
ttonce that has been of late employed viith signal success as a fertilizer of 
lantl in New Jersey, Vir^nja, DelaTvare, &c. If it contun any catbonate 
of lime, the compound term Ct^cano-green sand ■oumi, might be employed. 

MsHiod of sear'^img foraUmiial marL The presence ot marl beneath a 
peat bog can be determined with a good degree of certMnty, by plunging a 
pole,— the rougher the better, through the i;eat, until it reaches the solid 
bottom of the morass; and, on withdrawing it, some of the marl if 
any exist, will adhere to the surface ; though a coaling of the black mud 

Descr. Calcareous tufa, or taverlin, is a deposite of carbon- 
ate of lime, made by springs containing that substance in 
flolution. It forms a solid limestone, sometimes even crystalline, 
and of considerable extent ; so as to be used for architectural 
mirposes, TherraaJ waters produce it most abundantly, as in 
Central Prance, Hungary, Tuscany, and Campagna di Koma: 
but it is also deposited by springs of the ordinary temperature, 
as at Saratoga and in the Appenines. Dr. Daubent/'s Report 
on Mineral and Thermal Waters, p. 56. London, 1837. Also 
De la Becke's ManuoJ, of Geol. p. 158. Also LyeWs Prin. Geol. 
Vol. 2. p. 198. Tayer^n is also precipitated by rivers, as in 
Tusoaiyr ; and at the mouths of rivers on the coast of Asia Mi- 
nor. L^elVsPfiw. Geology, Vol I. p. 397. Very similar are 
the concretionary calcareous deposits formed in caverns: those 
depending from the roof are called stalactites^ and those on the 
floor, stalagmites. 

Desar. Coral reefs are extensive deposits of carbonate of 
lime, formed by myriads of polyparia, or radiated animals, in 
shallaw waterj in the south seas. They form the habitations of 
these animals : and of course are organic in their structure. 

Dcicr. Siliceous sinter, or tufa, is a deposit of silica, made 
by water of thermal springs, which sometimes hold that earth 
in solution. Successive layers of sinter and clay frequently no- 
cur, and these are sometimes broken up and recemented so as to 
form breccia. Prof. J. W. Webster in the Edinburgh Philoso- 
phical Journal, Vol. VL 

Descr. Siliceows marl, or the fossil shields of infusoria. Be- 
neath the beds of peat and mud in the primary regions of this 
5* 
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54 ALI.UVJAL DEPOSITS. 

country, a deposit often occurs from a few inches to several 
feet thick, whicli almost exactly resembles the calcareons mail 
that ia found in the same situation. When pure, it ia white and 
nearly as light as the carbonate of magnesia: butitisusuaJlymore 
or less mixed witli clay. It is found by analysis to be nearly 
pure silica ; and it turns ont to be almost entirely composed of 
the siliceoas shields, or skeletons, of those microscopic animals 
called infusoria, ot animalcidar, which have lived and died in 
countless numbers in the ponds at the bottom of which thia sub- 
stance has been deposited. 

Bern. The discovery oftliis eurionB fact (coiicernLng which more will bo 
sad in a subsequent section,) in relalion to this country, was made by Prof. 
&iley of West Point. Amencwa Jowaal of_ Science, Vol. 35. p. 118. 
Analogous substances occur in Europe : and the most of that jost described, 
appears to be identical with the Bsi'gmeM of Prof. Ehrenberg. 

Descr. Some springs produce large quantities of tntumen in 
the form of naptha and asphaltum. Their localities and extent 
will be described in a subsequent section, 

Descr. Although sulphate if lime very generally exists in 
the waters of springs, yet it is rarely deposited. One or two 
examples only are mentioned, where a deposit of this salt has 
been made : as at the baths of Sail Philippo in France. Be la 
Beckys Manual, p. 158. 

Descr. Hydrate nf iron or bog ore, ia a comraon&nA abundant 
deposit from waters that are capable of holding it in solution and 
it appears also, that this ore is often made up of the ihields of 
infusoria, which are often ferruginous. WoTulen of Geology 
Vol. 2. p. 660. 

Descr. Bog manganese, also, by a somewhat similar pro- 
cess, is frequently deposited in the form of the eaitbv oxide, or 
wad, in low grounds : and it can hardly be doubted but it is an 
alluvial product. Report on the Geology of Massachusetts, 2d 
EdJMon, p. 130. 

Descr. CMoride of sodium or rock salt, is very rarely de- 
posited from its solution in water so as to be visible, though 
some have supposed that this deposition does take place exten- 
sively at the botuwn of such seas as the Mediterranean. It is 
said, however, to accumulate in some of the cavities of ihe rocks 
along the shores of the Mediterranean, in such quantities as to 
be collected by the inhabitants. 

Rem. Rev. Dr. 3. Perkins, American Missionary at Ooroomiah, in Persia, 
states that the common opinion among the people on the shores of Lake Ooroo- 
miah, is, that frequency it deposita s^t upon its bottom. At any rate, there 
ii a pond atOavalan, on the shore of the lake, and separated from it l)yanar- 
low Band bank, wlu^e bottom ia covered by beautiful white salt, three ortbuf 
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DRIFT OR DILUVIUM. 65 

bcbea tluck near the chore, and four or five feet Uiick n the middle. This 
pond covers from 75 to 100 acres. 

Seniv.a.. The waters of lake Elton in Asistio Russia, and of other lakes 
adjoining the CBspinu Sea, have deposited thick beds of rock salt nt their 
bottom. Daubeny's Repm-i on Mineral and Thermal Watera /or 1836, p. 1. 
The same is true of lake Indersk on the steppes of Siberia, Ure's Gailogy, 

Sescr. Allwoial sundstone, conglomerate, and breccia, are 
formed by the cementation of sand, roimded pebbles, or angular 
fragments, by iroa, or carbonate of lime, which is infiltrated 
through the mass in a state of solution. They are not very 
common, nor on a very extended scale. 

Def. When sand is cemented, the solid mass is called sand- 
stone : rounded pebbles produce a conglomerate or plum pudding 
stone ; and angular fragments, a breccia. 

Di^. The varieties of alluvium, that have been described 
may be regarded as a formation in the geological sense ; and 
the period during which such a group is in the progress of de- 
position, that is, until some important change takes place in 
the material or mode of produetioti, is called a geological pe- 
riod : and the point of time wlien the change occurs, is called 

3. MRiFT (foekerly dildvjum,) 

Rem. There is mora divcraity of o^nicm respecting the origin of this tbr- 
malion, thfui on almost any other subject of geology. Hence it bus tetoMiA 
B greiit variety of namea ; such as dihimxtm, dt^ft, bovMsr fontudion, erratic 
block g^iMV, i^-c. The term diluvium literaJly implies that it has been the ve- 
Biilt of a deluge, find is therefore, objeotjonaiile. The term drjfl appears at 
present to he preferable, and is theretbre used. 

Descr. The great mass of drift is composed of sand and gra- 
vel of difieient degrees of oorominution, mixed together con 
fusedly. This gravel is often not derived from the rocks be- 
neath it, but from those at a distance of several miles, and in 
this country usually from ledges which lie in a north-westerly 
direction. The surface of this gravel is often scooped out into 
deep basin-shaped depressions, and raised into corresponding 
elevations, the difference of level being sometimes 20 or 30 and 
even 100 or 300 feet. 

Descr. Scattered through this gravel, are rounded masses 
of rock larger than pebbles, which are called bowlders : and 
as they are frequently found a great distance from the place of 
their origin, they are also denominated erratic blocks and lost 
rocks. Oftentimes these bowlders lie insulated upon the sur- 
face, and even upon the crests of mountains. 

Def. When they happen to be thus insulated upon other 
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rooks, and so poised that a small force will make them osoilktev 
they are called rocking stones. 
Pig. 3^ eiJiibita a rockiag Elone in the west part of Barre, Miaa, 





Deser. On many plains tlirongh whicii no esisting stream 
now passes, and lying over the gravel above (iesoribed, we find 
thick beds of sand an:^ clay, deposited in a much more quiet 
manner than common drift, and yet apparently near the close 
of the same period. The usual order of the series is, first and 
lowest, the coarse materials, then clay, then sand, TraileEle- 
nentaire Geologie,pap M. Rezot, f. 256. To-me I. 
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Deser. Sometimes the drifted sand and gravel that have 
Been described, £we oonsoHdated into sandstone and eonglome- 
fate, by the iofiltration of iron or carhoaate of lime ; as in 
Pownal, Vermont. Report on the Geology of Massachusetts, 
Vol. 2, p. 354. Also Tableaux des Terrains, p. 66. 

Descr. Many of the most valuable of the precious stones 
and metals are found in drift; such as the diamond, the sap- 
phire, the topaz, the ruby, and the zircon ; as well as platinum, 
gold, and tin. Platinum, gold, and the diamond are explored 
almost exclusively in this formation. Tableaux des Terrains, 
p. 115. 

3. TERTIARY STRATA. 

(Supercretaceous Group of De la Beclie. Cainozoic Period, 
Rogers.) 

HistonaU Rem. Until tlia publication by Coviet and Brongnlirt of ibsii 
memoir on the lerdary strata around the c^y of Paris in 1810, these fomm- 
tions were confounded with bJIuviqdi, Since that pciiod, other ^ilar de- 
jKitJIs hafe boea studied with diligenco and success ; and it is found that ter- 
tiary strata occupy more than halt' the Burtace of Europe , and in this coun- 
try they embrace much of the level region m tlie eastern part of Ihe middle 
and aouthern states, 

Descr. The tertiary rocl.s have been divided into four dis- 
tinct groups of marine stiata, distmgmshed by important pecu- 
liarities in their orgamo remains, and sepaiated from one an- 
other, by strata which contain fiesh watei and terrestrial re- 
inams. Buchlaad' s Brid§eu.aler Treatise, Vol 1. y. 76. 

Rem. Marine strata are eaaly distinguished from those of iieah water 
origin, by the occurrence in the foFmer of animals peculiar to the ocean, and 
m the latter of those peculiar to fresh water. 

Descr. Mr. Lyell has divided these strata into four groups, 
to which he gives the names Eocene, Miocene, and Older ani 
j^fewer Pliocene. In the first, the number of shells identical 
with living species is very small, only 3.5 percent. In the 
second group, reckoning upwards, it is 17 per cent. : in the 
older pliocene, 35 to 50 per cent., and in the newer pliocene, 
1)0 to 95 per cent. And by this character are the groups 
distiiiguLshed. Li/ell's Elemenls of Geology, Vol. 1. p. 280. 
Other geologists object to these characters as too indefinite. 
De la Beehe's Theoretical Geology, Chap. XVII. PMllips'a 
Edinburgh Treatise on Geology, p. 180. 

Descr. The tertiary rocks are in general distinctly stratified, 
and the strata are usually horizontal. In some cases, however, 
(as in the Isle of Wight and at Gay Head,) they are inclined 
at a large angle. 



Host..:[jvGoOgIf 



58 CHEMICAL AND MECHANICAL EOCKS. 

Prin. All the stratified ixxsks appear to have been oviginallS 
deposited from water. 

Prnof. The manner m which the ingiEcJieiita oS these rocks are arranged, 
idz. in paraKet strata and lamuin, ia precipe]; Uke that of tlia subaqueous de> 
posits which are i>ow tbrming in many localides, so that these latter need 
snly to be liaidGned into stone, (wlien thev are not aVread; coaadidated,^ 
and in some c^cs rendered more crystalline, m order to be coaverCed islo tho 
former. And by no other agent that we know of by which rocks bio formed, 
ia a stratified and sohia!osc arraageinent produced. Again, the materials com- 
pa»ng these stratiliGd rocks, viz. clay, sand, aj>d carBooate of Mmc, are veiy 
similar to thoee deposits which water ia now produci)^. And farther, the 
. orgDisic remains which many of these roeks contain, can be accounted for 01117 
on the supposition that the rocke eoveSo^ng them were deposited from water. 

Descr. Rocks are deposited by water in two modes : first, 
OS mere aedimeut, 1^ ita mechanical agencj, in connection with 
gravity : secondly, as chemical precipitates from solution. 

Def. The first kind of roeks is called rneeJutnieal or sedi- 
mentary TOcks ; the second kind, chemical deposits. 

Deser. As a general fact, the lower we descend into the rock 
series, we meet with less and less of a mechanicai and more and 
more of a cEiereical ageaoy in their production. The primary 
stratified rocks have generally been regarded as destitute of 
every mark of a mechanical origiii except their parallel arrange- 
ment ; hut in fact, the greater part cf them are made up of the 
fjBgments of crystals more or less worn and cemented together. 

ifeni. 1 poHsesa spEcimens of iiucn slate, tnJcose slate, and qnarte rook, 
from various ports of New England, which are made up of fraamentB ae dis- 
tincUj rounded by attridon, as those of any fosailiferoas conglojaecale ; and 
thesB pebbles ata oomented by oimilar mateiis^ in a finer stale. Moat of 
these apemmens are aaKocialed with idghlj inclined Btrafet of the oldest pri- 
mary rocks i» New England. They are good examples of what are called 
melamorpliiera^. PhilUpfs QeolBgy, p. To. 

Descr. In the fossiliferous rocis we sometimes lind an alter- 
nation of mechanical and cliemical depcsits : but for the most 
part, these rocks exhibit evidence of botii modes of deposit, 
acting simultaneously. 

Hem. It is difficidt to eonerave how any rock can be consolidated withonl 
more or leas of chetnii^ agen<^, except perhaps in that impertect consohda- 
tioQ which takes^ place in aigiflaceoua nnxtures by mere desiccation. E'>en 
in ttie coarsest conglomerate Uiere must be more or less of chenacal anion be- 
tween the cement and the pebbles. 

Descr. In the tertiary rocke a mechanical agency decidedly 
predominates : nevertheless, several beds ai-e the result of 
chemical precipitation ; as gypsum, limestone, and rock salt. 

Descr. The varieties of rocks composing l!ie tertiary strata 
are concretionary, tufaceous, argillaceous, and siliceous ; of 
limestone, marl, plastic clay, siliceous and calcareous sand% 
gi«en eand, gypsum, lignite, rock salt, and buhrstone. 
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4. SECONDARY KOCKS. 

Bef. Under Secondary Rocks are included all those from 
she Tertiary downwards to the base of the Triaa, or Upper New 
Red Sandstone. The Cretaceous System is considered as the 
Newer Secondary ; the Wealden, Oolite, and Lias, as the Mid- 
dle Secondary ; and the Triassic System as the Older Secondary, 

1, Cretaceous System. 

Descr. In Europe this formation is usually characterized by 
the presence of chalk in the upper part, and sands and sand- 
stones in the lower. In this country, ohalk is wanting : yet it 
seems to be well established that the Ferruginous sand forma- 
tion is the equivalent of the chalk formation of Europe. Dr. 
MoTton m Journal of Academt/ of Natural Sciences, Vol. Vl. 
Also American. Journal of Science, Vol. XVII. p. 374, and 
XVIII. p. 243, and XXIV. p. 12S. 

Descr. The cretaceous system is thus arranged by Dr. 
Fittoii, leaving out the Wealden, which, m this work, is re- 
garded as a distinct formation. 

Chcdic, \ Low^c^', 
i Marly, 

1 Upper Green Sand, 
Green Sand, \ oiuilt, 

( Lower Green Sunt!. 
Obsersoiwns on aome qf the Strata (jciinecn the Chalk and Oiford Oolite in 
Uis South East i>f Bnglund, bj/ W. S. FiUoa, p. 105. Lcmdon, 1836. 

Descr. Clialk is a pulverulent carbonate of lime, and its 
varieties have resulted from the impurities that were deposited 
with it. The upper beds are remarkable for the great quantity 
of ilints dispersed through them, generally in parallel position. 
Descr. Green Sand is a mixture of arenaceous matter, with 
a peculiar green substance greatly resembling chlorite, or green 
earth. 

Composition. The coloring matter of green sand has been analyzed with 
much care by several distinguished chemists with the following results. 

French tureen. Sand. English Do. Massadiuseits Do. N. Jersei/, Do. 



Protoxide of Iron, 31 ,0 
Alumina, 7.0 

Water, H.O 



Magnesia, 
Manganese, 



!3 and lo3s= 0.080 
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CO SaEBH SANBv 

See Dr. imon on Sie SlrtUa below the Cft<ilfc,p. 109. Aim, Prqf. B. D 
Segers'ii Report on the Geologicol Sumeij of New Jersey, p. 74, el seq. Alsa 
yVnaJ Heporl on the Oeolo^ ^ MaesatAuseils, 

Uee qf Green Sand. Tras substance has been applied within a few jeara 
oantiy with great SHCceaa as h manure, esperaallj ic " ' 
r depends on the pota ' '' " 

Is respect, it nrnj proTe of great in 

J name for a blue day or mar!, 
farmiaB an infBrntralifieiJ bed in ine green sand of Engfaiiii. 

3. Wealden Formation. 

I'his formation embraces, 1 , The Weald Clmji 2. HasKngs Sand; 3. Put- 
beck Strata. They were first described in tha Sonlh East of England, 
chiefly in the viealds or woods of Susses and Sent, anil are camposed of beds 
of limaatone, conMomerate, sandstone, and clay, wWoh abound in the remains 
of fresh water and terrestrial animak, and appear to have been depoaled in 
an estuary that once occupied tiiat part of England. Similar beds occur in 
Scotta^, and in a few places on the European ConUaent. 

Rem. Some of the most remarkable facts in E^asil geology have been da- 
nvei. ftoia this formation, whioh wQl bo found described in Dr. Manteira B- 
luslratums qf the Geology of SusscT, ifc. And in his Geology of ihe Soalh 
Ea$l of England; also in Dr. Pilioa'a Ofisermiions on the Strata belote Su 
Ckalki aodm Dr. Mantes Wondei-i lif Oeolagy, 2 Vula. 1S33. 

3. Oolitic Sgstem. 

S)escr. In many of the Tocks of this series, small calcare- 
ous globules are imbedded, wbich resemble ihe roe of a fish, 
and hence such a roclt is called roeittnte or oolite. But this 
structure extends through only h small pari of this formation, 
and ii occurs also in other roclis. 

Descr. The oolite series consist of intersi ratified layers 
of clay, sandstone, marl, and Hmc&tono. The upper portion, 
or that which is oolite proper, is divided into three systems or 
groups, called the upper, middle, and lower, separated by c!ay 
or marl deposits. 

The Uppor Oolites in England consisto»;i. The PorOand Stone ; a Pari- 
land Sarui; 3. Kimmeridge Clay. The Middle Oolites embrace, 1. TTu Up- 
per Cakareoae GrU; 3. Coral Rag; 3. Lamer Calearanis Grit; 4. Oxford 
Clay; 5. KdloiBoy'B Rods. The l-oviet Oolites are dirided info, 1. Com- 
hradi; a l^esi Marble ; 3. Greai OolUe and Bradford Claia 4. Caii'-r^- 
Bceoas Griietonee and Shales, Stonesfield State and Fuller's Earth; 5. info- 
rior OoHle; G, Calcareo-SilKeirus Sand, Anated'e Geology, Vol. 1. p. 357. 
The Oolite is widely distinguished in otKal" parts of the world except in North 
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4. Lias. 

Descr. Lias is a rock usually of a bluish color like common 
clay ; and it is indeed higlily argillaceous, but at the same 
Eime generally calcareous. Bands of true argillaceous lime- 
sione do. indeed, occur in it, as well bs of calcareous sand. It 
nas been usual to describe it as a member of the oolitic series. 
But it is widely dllTused j is very marked in its characters, 
and contains peculiar and very interestiog organic remaia^. 

5. Triassic System, or Upper Neio Red Sandstone. 

Hem.. tJDtil qiule I'ecently, all \ha stratified jorks between the lias aod 
the coal meosu^'es, have been regaided and described as a single greup, nniler 
the name uf New Bed Sandetoite, Sali&raus System, &e. Bat it is foana 
that the fossils of t[ia two lower divisions of this system corteapond wib. 
those in the Newer Palreoioic Series, much nearec than with those of tlie 
lias, or oolite ; while those in tlie three upper diviaiona, approach nearest to 
the fiiuna and flora of the aecandaij roets. 

Bescr. In Continental Europe tlie Triassic System is di- 
vided into three distinct groups, and hence its name : 1. Yarie- 
gated Marl, {Mames irisees of the French, and Keuper of the 
Germans:) or indurated clays of different colors, with a pre- 
dominance of red. With this, gray sandstone and yellowish 
raagnesiaa limestone are intcrstratifled. Beds of gypsum and 
rocic salt are common. Th^ is the upper member of the series. 
2. MuscheVcalk, a gray compact limestone, occasionally dolo- 
mitic. This does not occur ia Great Britain, nor, aa we know, 
in this country ; and hence a good deal of difEcuIly in distin- 
guishing the upper from the lower divisions. 3. Red or varie- 
gated Sandstone, {Gres Bigarre of French writers, and Bun- 
ter Sanistetnof the Germans.) Its colors are white, red, blue, 
and green ; which often give a strikingly variegated appear- 
ance to the rock. lis composition ia chiefly siliceous and argil- 
laceous, with occasional beds of gypsum and rock salt, which, 
however, are often wanting. 

Rem. Tliia rock, especially where the Muachelkallt is wanting, ia very 
deficient in organic remains. Bat it ia in thia formation chiefly that those re- 
markable iboCmarka nre found which have of late excited no small intereat. 

6. PaUozoic Rocks. 

Def. This clf^s of Rocks extends from the base of tlie 
Triassic System to the bottom of the fossiliferous rocks, em- 
bracing deposits of vast thickness. The lower portion, or the 
Devonian and Silurian Rocks, were formerly called the Trans- 
ition Class, and sometimes Graywacke. The subdivisions of 
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the Paleozoic Strata are, 1. The Newer PalEeozoic, or the 
Lower New Red and the Carbon iierous System. 3. The MiiU 
die PaltEoeoic, or Old Red Sandstone ; and 3. the Older Pa- 
l<Boxoic or the Silurian. 

1. The Lower Neie Red Sandstone, or Permian System. 

Descr. In Germany and England the Lower New Red Sys- 
tem presents two very distinct groups of rocks : the highest is 
a Magnesian Limestone, and the lowest Sandstone. In Ger- 
many the limestone is called Zechstein, and its subdivisions 
are teltea, Stinksteini and Bauwacke, with some shaly beds be- 
neath of argillaceous, bituminous, and arenaceous schist, called 
KuperscUey'er or copper slate, because sometimes worked for 
copper. The sandstone beneath the schists in Germany, {and 
frequently also in England and America,) is called Rothe-todte- 
Segertde, or red dead Iter : red as to color, dead as to metallio 
ores, and underlying the copper slate. 

Descr. The Perm, an system consists of numerous strata of 
great extent in Russia, (700 miles long and 400 broad,} in the 
ancient kingdom of Perraia, made up of common and magne- 
sian limestones, with gypsum and rock salt conglomerates, red 
and green gritstones, shales, and copper ore, lying in a trough 
of the carboniferous sti-ala, and below the Tiiassic system. 
Hence it has been very probably referred to the Lower New 
Red System. 

Rem,. It is not yoi BCttlad whether tlio Irfjwer New Red Sandstone oo- 
curs ill North America, thougli some of its moat reiiinckable fish, — tlie PaJw- 



S, Carboniferous System. 
Descr. This system derives its name from the great amount 
of carbon, or coal found in it : it being in fact the only deposit, 
with a few exceptions, that contains good coal in workable quan- 
tity. It is made up of two distinct varieties or groups of iXKiks. 
1. Coal Measures. These consist of irreguJarly interstratified 
beds of sandstone, shale, and coal. Frequently these are depo- 
sited in basin-shaped cavities ; but not always. These im;ks 
abound in faults produced by igneous agency ; whereby the 
continuity of the beds of coal is interrupted, and the difficulty 
of exploring for coal increased in some respects ; but in other 
respects facilitated ; so that upoa the whole, these faults are de- 
cidedly beneficial. 2. Carboniferous Limestone. A gray com- 
pact limestone, traversed by veins of calcareous spar, and ire- 
quently abounding ia organic remains. Encrinites are someo 
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times so abundant that ite lock is called encrinal limestone. 
It is also called mouniam hme tone, and meiall^erous limestone, 
Ginoe in England, aa well as in North America, it abounds in 
;ead ore. 

Rem. J . The coal laeBoureB e not m Rlmoat every country of much ex- 
lunt, and form one of the inoet important Eonrces of nationEil wealth and 
happiness. In England not less than 6.000.000 tons of coal are yearij raised . 
Jioia the mines of Noithumberhind and Durham ; at which rate thej will be 
eihausted in ahant 250 veaiE. In South Wales, however, is a coal field of 
1300 square miles, with 33 beds, whose total thickness is 95 teet; and this 
will flufiply coal Sir 3000 yeais more. BakeaelVs Gtelogy, p. 135. In Great 
Ei^itiun i^ut 15.000 steam engines are in operaiion by the use of coal, with a 
powerequol to diat of about a.OOO.OOO of men. The maehineqr moved by 
this power has been suppDeed equivalent to that of between 300.000.000 and 
400.000.000 men by direct labor. WeU may D(. Buckland say, "waaresl- 
most astounded at theinSuence of cool andiron and atcahn upon the iate and 
fortuncB of the human race." BridgnBotcT Treatise, Vol. 1. p, 535. 

Hem. a No part of the world contains coal fields so eslensive as the 
Unit«! Slates, and the provinces of Nova Scotia and New Brunsviick. In 
these provinces is a trianguhLf coal field, covering more than 10.000 aquars 
miles. The Appalacliian Coal Field, extending from New York to Ala- 
kima is 720 miles Ions, and contains nearly 80.000 aqraxe miles. The Ivr- 
diana Coal Field, which is 360 miies long, covers about 55.000 square niiles. 
Another occurs in Michigan, 150 miles long, and covers 13.000 square miles. 
Still farther west, in Missouri, and towards the Rock;; Mountains, are other 
fields of vast extent, not to menUoji the smaller deposits in eastern Virginia, 
Rhode Island and Massachtisetts. In some parts - of these fields, the a^r&> 
gate thickness of the beds of coal is not less than 100 feet ; and even smgle 
beds occur fivim 30 to 50 feet thick. In whatever else, therefore, our country 
Giils, her coal can never be exhausted, and steam wdl make it available all 
over the land. 

3. Old Red Sandstone, or Devonian System. 

Df.scr. The Middle PalEeozoic Rocks consist of a de^sk of 
vast thickness and extent, which, in Scotland and Eogla'nd, haa 
long been known as the Old Red Sandstone ; but lately it haa 
been denominated the Devonian System, by Professor Sedgwick 
and Mr. Munchison, because largely developed in Devonshire, 
and proved by them with great labor and singular sagacity to 
oe contemporaneous with the Old Red Sandstone of other re- 
gions. In Scotland, this formation is not less than 10,000 feet 
thick. In England it is divided into three groups : 1. Old Eed 
Conglomerate, which is the uppermost division : 3. Cornstone 
and Marl, or argillaceous marly beds, alternating with sand- 
stone, and sometimes with impnre limestone: 3. Tilesione, oi 
fnsile beds, used sometimes for tiles. In other countries other 
varieties of rock are found in this formation, such as red and 
green flags, black calcareous slaty masses, and niagnesian lime- 
Btone. But the organic remains identify the formation in 
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different regions. These consist of numerous peouliav coral% 
radiata and molluscs ; but more especially of peculiar fishes, 
Descr. This formation is widely developed oa the continent 
of Europe, as in Belgium and Westphalia, France and Spain. 
In Russia it covers more surface than tlie whole of Great 
Britain, not less tlian 150,000 square miles. In the United 
States it occupies extensive tracts, as may he seen by a refer- 
ence to the Geological Mapeonnected with my outline of the Geo- 
logy of the Globe AnsleVsGeology,V6l. 1. Chaps. YILYIIL 
IX. X. March ^on s Geology of Russia, Vol. 1. Chap. IV. 

4. Silurian System Mt rchtson. Graywacke of Others. 

Descr. The vast deposits which are now described under 
this name embrace all the fossiliferoua rocks below the Devo- 
nian, or Uld Bed feandatone A few years since Professor 
Sedgwick gave an account of fossiliferoua rocks still lower, un- 
der the name of Cumbrian and Cambrian Systems ; from the 
name of the region where they are developed in Great Britain. 
But it seems to be now agreed among the best English geolo- 
gists, that the organic remains ia the Cumbrian, Cambrian, and 
Silurian groups, are too mucti alike to allow them to be sepa- 
rated from one another and they are accordingly all united in 
the Silurian System, MurcMson's Anniversary Address iefore 
the Lmidon Geolog. Society, 1843. Also Ansted^s Geology, 
Vol l.p. 93, et seq. Professor Emmons, however, contends 
that the fossils in the Cambrian and Silurian Systems are 
distinct, and that what he calls the Taconic System in this 
country, is the equivalent of the Cambrian in Europe. The 
Taconic System, p. 5. Albany, 1644. 

Descr. The Silurian System is divisible into two groat 
groups, which are probably about as distinct from each other aa 
the other groups that have been described. 

1. Upper Silurim. Rocks. 
Descr. This series embraces the Ludlow and Wenlock 
rocks of Murchison's Silurian System, and the Upper Cum. 
brian.and Cambrian rocks of Sedgwick. The Ludlow and 
Wenlock Formations consist of shales and limestones conform- 
ably interstratified, with the following names, beginning with 
the lowest. 1. Wenlock Shale. 3. Wenlock Limestone. 
3. Lower Ludlow Shale. 4. Ayraeslry Limestone. 5. Up- 
per Ludlow Shale. The Cumbrian and Cambrian rocks are 
mostly argillaceous and calcareous slates, frequently fossilife- 
rous and alternating with porphyries and feldspar rock of igne- 
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Oils origin. These slates occasionally pass into flagstones and 
thick sandy beds of the rock called by the Germans Grauwacke, 
which is a gray micaceous sandstone. Aasted's Geology, Vol 
] . Chaps. II. III. and IV. MarcJiison's Silurian System, Vol. 
1 p. 195, London, 1839. 

2, Lower Silurian Rocks, Murckison. Frotozoic Group of 



Descr. The two most important varieties of the Lower Si- 
rurian Rocks, as described by Mr. Murchison in Great Briiain, 
are the Caradoc Sandstone and the LlandeOo Flags. These 
rest upon the strata of the Cambrian Series, and pass into them 
insensibly. The entire series, inoludiog also a portion of the 
Cumbrian System, is highly argillaceous, or arenaceous ; the 
clay being changed into slates, or shales, with cleavage planes, 
and the sand into fissile sandstones, Interstvatified, however, 
among these argillaceous and arenaceous strata, are occasional 
bands or lumps of calcareous matter, containing organic re- 
mains, which occur also in the slates. Murclnson^s Silurian 
System, Vol I, p. 216. Ansled'e Geology, Vol. 1. p. 103. 

Descr. The Siluria;: and Cambrian Rocks are described as 
of great thickness, certainly many thousand feet. But their 
exact thickness has not yet been ascertained. In the Tabular 
View, Section I., I liave given the thickness at 20,000 feet. 

Descr. The Silurian Rocks, embracing also the Cumbrian 
and Cambrian, occupy large areas in Belgium, Germany, 
Scandinavia, and Russia, as well as in North and South Amer- 
ica, Their great extent in the United States may be seen in 
the Geological Map of N. America above spoken of Their 
thickness nere is certainly as great as in Europe ; and they 
appear to be more fully developed in this country than in Eu- 
rope ; since we have several varieties here not found there. 
Mr. Conrad thinks there are good grounds for a threefold di- 
vision of these rocks in this country ; the groups being as dis- 
tinct from one another as they are from the Devonian. Jour. 
of Acad. Nat. Sei. PhU. 1842, Vol VIII. part 2. p. 233. As 
will be seen by a reference to the Tabular Yiew at tlie end of 
Section I., the New York Geologists divide the Silurian Sys- 
tem into 28 distinct groups ; though the three uppermost, ac- 
cording to Mr. Hall, (^Geological Report, p. 20/ and Lyeffs 
Travels in North America, Vol 9. p. 216,) correspond to the 
Devonian System of Professor Phillips. The Upper Silurian 
embraces the groups from the Hamilton to the Clinton ; and the 
Lower Silurian from thence to the Potsdam Sandstone inclu- 
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sive. Mr, riall considers the Cambrian Bocks lo be embracea 
in the New York System, {Report, p. 20 ;) but as we Lave 
seen, Pi'of. Emmons regards his Taconio System, which under- 
lies the New York System, aa identical with the Cambrian Sys- 
tem. Others, as Prof! W. B. and H. D, Rogers, and Prof. W. 
W. Mather, regard the Taoonic System as merely certain 
members of the New York System, that have been subjected to 
powerful igneous metamorphic action. 

6. Primaiy Rocks in part. Hypogene and Metamorphic 
Rods in part of Lyell. 

Hem. \. These terms ere all oUjeddoncble; because they ore fimnded upon 
bjpotlieaes, or theories that may not pro-ce Crno, ov only in part true. The 
rocka to be deaoribed(inGlmlijig gfanila, porphyry, &c.) were called Primary, 
because they were supposed to have been produced before the depoatioo of 
the foBBJliferoua strata already deecribod ; whereas it now appears tlia.t some 
of these cocks, especiajly the unstratified, imve in some instances been formed 
at a later period. The term Sypogsae ^nelher-foi-med, or formed beneath the 
earth's crust,) is intended to express this fact. But it represents all the noo' 
foasiliferona rocks as (has formed; which would not be aclmittcd by many 
geolu^ts. Ths term Mefomoi-pftic implies that these rocks have beecn loitered 
since their ori^nal production \ which would be admitted to a greater or lass 
extent by all ^ologists: but the same is true of tho rocks already deeciibed, 
espaciDlly of wie older ones. These terms, tJicrefore, must be regarded na 
oiny provi^onal, to be changed when better ones shall he proposedT LyelCs 
Elements of Gealasy, Vol l.n, 18, Also his Travels in Nortli Amerita, Vol. 
l.p. 106. 

Bern, S. To find the oldest fossiUferoas roeic has been, and sdll is a prob- 
lem of great interest with gcolo^sfs. In Europe, the prevailino; oinnion 
seema now to be that the Lower Silurian is the true Protoioic Group: 
though Mr. Lyeil contends that even the primary rocks may Iiave been once 
foBfuhferous, and that tho organic remains have been obliterated liy metamor- 
phic action. In this country the Potsdam sBodstooo of the New York Sys- 
tem, is usually regarded as the oldest rock containing animals and plants. 
Wo have seen that Professor Bmraona believes in a ftsHlifiirous series still 
older; Jiiz.ihe Tacontc. Prof. H. D. Rogers' Aik^tss b^fari Gal. Araai. ai 
WaahinsI'm in 1844. Eianums' Taconie System ; Hall's, Yataixem's, and 
Malhe^-'s Reports on the N. York Survey. 

Rem. 3. Aa the non-lbssiliferous or primary rocks have no settled order of 
superposition, different writers will describe them in different orders, I shall 
^ve them in the order in which they most usually occur, espeeidly in thit 
country, 

1. Clay slaie or argillaceous slate. This rock is composed 
of fine argillaceous matter which has a fissile structure, and in 
the oldest varieties its surface is more or less shiniog fron 
chloritic or plumbaginous matter. Its principal deposit has al- 
ready been described, as a part of the Cumbrian and Cambriar 
Systems. But it occurs ireqnently interstratified with mict 
slate and quartz rock ; and must, therefore, be regarded aa i 
noii-fossiliferous primary rock. Yet on the other hand, it alst 
occurs interstratified with fossiliferoua graywacke. Thert 
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Beems, therefore, a necessity for regarding clay slate as belong- 
ing both to the fossiliferous and oo n- fossil iferou 3 strata. The 
farther we recede ffom the line separating these two classes of 
rooks, towards the oldest, the more highly glazed does the clay 
slate become, until it passes at length insensibly into mica slate, 
talcose slate, or hornblende slate. But receding from that line 
in the other direction, its surface becomes more dull, and its 
texture looser, until it forms what is usually termed sltale ; and 
if we follow it still higher up in the series, it becomes gradually 
cliaoged into unconsolidated clay. 

Bern. A. variety of clay elate useJ for wLetBlones aod hones is caHod 
whelslone state. Some of the best Btonea, however, are conipatt lelapar. The 
commoii notiofl that they are petrified wood, ia utterly groundleBS. Graphic 
slale or dravting slale, is a variety of clay elate .that coclsjna several per cent, 
of eadion. Tfie beat novaculite, or honestone, in this country, comes from 
WuwonsiD and Arkansas. 

2. Quarts rock. This rock is essentially composed of 
quartz, either granular or arenaceous. The varieties result 
from the intermixture of mica, felspar, ta!c, hornblende, or 
clay slate. In these compound varieties the stratificatiou is re- 
markably regular ; hut in pure granular quartz, it is often dif- 
ficult to discover the planes of stratification. It is interstrati- 
Sed with every one of theprimaiy rocks, and also with gray- 
wacke : in which last case it often assumes a decidedly me- 
chanical structure : and even when a member of the primary 
aeries, this structure is sometimes visible. MaccullocWs Prin- 
eifhs of Geology, Yol. 3. -p. 174. Also Geohgiml Classifica- 
tion,p. 317, 

Rem, The arenaceous varieties of this rock form good fireslones ; that is, 
itonea capable of sustaining powerful heat. Some varieties of mica slate are 
jtill better. Gneiss of an arenaceons composition is also employed; as 
Eire several vaiieljes of sandstone of different ages. The Grcstone of the En- 
irlish green sand, is a fine siliceoos sand cemented by limestone. fQfon oa 
•hs Strata fceloio the Chalk, p. 137. 

3. Homhknde slate. Hornblende predominates in this rock ; 
but its varieties contain felspar, quai-tz, and mica. When it 
is pure hornblende, its stratification is often indistinct, and it 
passes, by taking felspar into its composition, into a rook re- 
sembling' greenstone. It occurs in every part of the primary 
series ; but its more common associations are argillaceous slate, 
mica slate and gneiss ; info which it passes by insensible gra- 
dations. 

Variety. Dr. Maeculioch deaoribea adiptoHte adiisl, as distinct from hont- 
Heniie slate: but as mineralogists now regard the two raiiierals as only one 
species, it is unnecessary (o separate Che rocks. 

4. Talcose slate. The talc in this rock, which is the esaen- 
lial ingredient, and is sometimes in a pure slate, is usually 
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mixed with quartz and mica, and sometimes with limestone, 
felspar, and hornblende. It is associated sometimes with ar- 
gillaceoiis slate, and even graywacke : but usually, at least ic 
the United States, with mica slate, and rarely with gneisa, 

Vsridies. Chlorite slate ia only a varietj of talcose slate, in whicli thi 
talc is almost pulvefdlent anJ compact, of n. green color, and in much large 
quantity than tlie quartz. Slenlile is often nothing but Bchistose talc, whiol 
13 adherent enough to be wrought, and at other times it is somewliat gTHiiu 
lar, and slightly inJurated. This is the valuablo stone so extensively usa 
for fumacea, Sre-placos, aifusducts, Slc, under the name ofsoapslone or free 

1 in New England, lie at the junction o: 

6. Pritixary limestone. Limestone that alternates with pri 
mary strata is called primarj/. Dr. Macculloch considers sucl 
aharnation the only decided proof that a limestone is primary 
Frineiphs of Geology, Vol. 2. p. 209. Others, as De la Beche 
make its primary character to depend more upon its crystal 
line state ; and h^nce assert that it occurs interst ratified witl 
fossiliferoua roclis. Manual of Geology, p. 435, It is generally 
white and ciystalline, resembling loaf sugar so much as to bi 
called saeaharine. But in some situations it is dark colored, b; 
being penetrated with other rocks, and also nearly compact. 

Rem. 'CVhen this rock occurs in the unstratiiicd class, and also in some o 
the older Etra.tified ones, it is oliea nearly or quite destitute of stratificatior 
(Ex. gc, the limestone beds in syenite in Newbury and Stoneham, and i 
gneiss at Bolton, Masaachusetls : also in hornblende slate in Smithfieh 

sex County, N. Y.) Henc 
into the unstmtilied clasr 

Second District (fNcvi Yon 
t(H}i, p. a I. m many coses, nowever, it is most distinctly Etnitifieil : as S 
instance, in the bed lying between sWata of gneiss on Cole's Brook, in th 
west part of Middlefieii), in MassachuBetts. The interesting examples give 
by Prof, Emmons in SL Ijawrenca County, in his report above referred ti 
do indeed prove that this rock may esist sometimes in the form of veins i 
granite. But looking at all the Sicts on the subject, tliey seem more satialai 
torily explained by supposing primary limestone a metauiorptiic rock, whic 
may tteretbre be found both stratified and unstratiiied, than by regarding it i 
always unstratifiod and of igneous ori^n. This view of the subject, howeve 
scarcely ditfcrB in reality from Uiat of Pro&ssor Emmons, although he seen 
to regard the difference as very great (Emmons' Final Geologiad Beport oiiff 
Second District qf New York, p. 40,) For we admit the rock to iiave bee 
melted, and hence it niight bo called igneous as much as mnite, which wi 
certainty sometimes produced by the meiting or mctamorphism of gneiss, < 
other rock. The same is trc',; of trap rock, syenite, and eminenUy of serpei 
fine, which in New England frequently retains some of the original planes ■ 
stratification and lamination. The only difference l>etween us, tben^ seen 
to be that Pro£ E. does not admit that primary limestone was, ot is, evr 
■(ratified. 



6. Mica Slate. This is a slaty misture of mica and quartz! 

Host..:[jvGoOgIf 



which the former predominates. Garnet and staurotide are 
often BO ahundant in it, over, extensive tracts, as properly to be 
regarded as constituents : hence the varieties, garnetlfcrows and 
staaroHdifirous mica slate. This is one of the most common 
and best characterized of the primary rooks, 

8. Gneiss. The essentiid ingredients in this rock are quartz, 
felspar and mica. Hornblende is occasionally present. These 
ingredients are arranged mora or less in laminie, and the rock is 
stiatified. Where it passes into graiiite, however, {which is 
composed of the same ingredients,) the stratiiication, as well as 
the laminar arrangement, become exceedingly obscure ; and it 
is impossible to draw a definite lino between the two rocks. 
Gneiss, as well as mica slate, is remarkable in some places for 
tortuosities and irregularities exhibited by the strata and lami- 
nse : while in other places these same rocks are equally distin- 
guished for the regularity and evenness of the stratification, by 
which they are rendered escellent materials (bt economical 
purposes. 

Vai-klies. Gneiss aomelimei 
BpottPil appearance ; and this is colied parpkijritia gneiss. 
the place of mica, the rock is called prntegine. 

RcDi. Gneisa is a rock of great eitect in the XTnited States: especiiJIy in 
New England. 

Euriie or compact felspaT. Dr. Macculloch descrlbES a stratified rock bsbd- 
ciateJ with gneiss in Scotland, composed chiefly of compact felspar. De la 
Beche regaiSa this as BUiit«, although most wrilera consider eorite as a mem- 
ber oftheunatTatified class. 

Prin. If all the stratified rocks have been deposited from 
water, as we have seen, the layers must have been originally 
nearly horizontal. 

Proof. Deposits now taking place rarely haTc an inclination greater 
than 10° over any considetahla extent of surfiice : thouj!h in some Kivora- 

, ... when sand accumulates outward on a sleep shore, 

may he inclined as much as 40^. But a little care will enable 
any one to distinguish such cases from tlie effects of subsequent elevation ; 
and it still remains true, as a general fiict, that deposits now forming have 
only a slight incliuation. 

Inf. Hence if we get the perpendicular thickness of a, series 
of strata we ascertain the character of the crust of the globe to 
that depth. 

Expl. Ifwe measure the breadth of a series ofaplurned strata, on aline 
at right angles to thmr strike, and ascertain their dip, we have given the 
tiypothenuse and angles of a right angled triangle to find the perpend icalar, 
which is the tiiickness of the strata. If the strata are perpendicular, a 
'lori^nntal line across their edges give thei)- thickness. 

Fads. By measurements and calculations of this sort, it taa 
been ascertained that the total thickness of the fossiliferous 
strata in Europe, is not less than 6 or 7 miles. In Pennsylvania 
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70 THICKNESS OF THE ST11A.IA 

fossitiforous rocks beneath the top of the coal i 

40,000 feet, or more than 7.5 miies,iii thickness. Prof. Roger^s 

Report on the Geology of Pennsylvania for 1838, p. 82. 

Descr. In the peninsula of Tauris, Pallas describes a contin' 
uod series of primary strata, inclined 45°, over a distance of 86 
miles ; which would give a perpendicular thickness of more than 
fj8 miles, LyeWs Prin. Geol. Vol. 2, 443. In New England, af 
for instance, on the railroad hetween Westfield and Pittefield 
we have strata of primary roclcs, for the most part nearly per 
pendicular, not less than 20 mjlea in thickness. 

R&ii,. 1, It ought to 1)6 recoHocted, that the primary strata have heeu 
eubjectcd to fax more numerous iliaturbances than tlia secondarjr bd( 
tertinry; and, therefore, all such mGasuremcntB ds the above, are Uahli 
to gire F^sults not a little erroneous : since the strata may be so shifted as t( 
be measured twice. In the eiauiple last quoted there may exist, vs showr 
on page 37, one qt rQoro folded axis. Snch sections, however, ss thosi 
mentioned above, indicate, after all allowances are made, a gieat perpeodiculai 
lluckne s 

lism 2 Dr BGcklaud i^t m-ites the total th ckncs? of \1l the etrati£ec 
rooks in Europe to be at least ten n les S td„ -jruL Tteal sf Vol 
I p 37 

hf W e 960 from these statements how ^roui dlesi^ is tht 
opinion, that E^ologiats are able to ascertain the structure ot 
the earth only to the depfh that e\cavation9 1 a^e been made 
which 13 less than a mils especially when we r collect thi 
the unstratitipd rocks aie uniformly lound beneath the stratitied 
and since their igneous origin is now generally admitted, it oar 
hardly be doubted that they come icont veiy great depths s 
that pr babl^ the esaeiitial (.ompositioi ot ll e ,.lobe is knowi 
alnijst to its cenire 

SECTION IV, 



s among the itnstiatitied rocks resul' 
from two causes. 1. A difference in chemical composition, 2 
The diversity of circumstances under which they were produced 

Descr. All the varieties of those rocks pass into one anothoi 
by insensible gradations, even in the same mountain mass; giv 
ing rise to endless varieties, which cannot be described minutelj 
in a treatise like the present. 

Descr, 1'he two predominant and characteristic minerals ij 
the unstratified rocks, are felspar, and augite, or hornblende. 

Rem. The recent researches of Kose and Milscherlicb, render ii 
probable that angite and hornblende are only varieties of the same minera] 
ipecies, which ac(j,uue their di&erent ciystaliine fbrow and other characleriatic 
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itilTerenceB, in conacquence of n difference in the rate of cooling from a state 
of fuaion ; — tho former ciyBtallizing rajndly, and the latter alow ly Iloso 
fuseil hornblende, and found thai on cooling it took, the form of iiugite. 
iMcU's Ehnim!s of Geolagy, Vol. 2.p. id'!. PUiUms Ti'at,^ on GcoUgy, 
Vol. 2. p. bi. 

Descr. The following arrangement of the unstratified tocka, 
founded upon the relative quantity of felspar and augite or 
hornblende, which they contain, has bepn suggested by Ptof 
Phillips ; Treatise on Geology, Vol 2 ji 57 and lo liable 
only to the objection, that we have not a knowledge of the 
composition of the older rocks sufficiently perfect, to make it 
certain that they are all put into the right placp m the classifica- 

Division 1. Felspathic. 
Felspar alone, or but slightly mixed with augite, hornblende, 
hypersthene, diallage, &c. 

Ancient. Modern. 

Granite and most Porphyries. Trachyte. 

Divi-Hon 2. 
Felspar in nearly equal proportions with augite, hornblende, 
hypersthene, &c. 

Ancient. Modern. 

Syenite and Greenstone. Graystones of Scrope. 

Division 3. 

Augite, hornblende, hypersthene, or dillage, predominates 
over felspar (or olivine.) 

Ancient. Modern. 

Basaltic series of jnost authors. J^asaltic series of Scrope. 

Descr. On the same principles, that is, mineralogical con- 
stitution, Mr. Scrope has divided the products ot e-vtmct and 
active volcanoa into three kinds: 1, Trachyte ■nhii.h is fel 
spathic : 2, Graystime., or a mixture of felspar and iron 3, 
Basalt, which is augitie. Girardin {Considei attous Gtiieiul TO.r 
les Vakcnis, p. 13,)dividea these products into the iia^hytie 
formation (terrain,) the basaltic formation and the 'aia for 
matimi. 

J)ef. The melted matter that is ejected irom a volcano or 
remains within it, is called lojca,. Hence it is not impioper to 
apply the term to any rock that is proved to have bpi,n m a melt 
ed state. But it is usual to confine it to the more modem un- 
stratified rocks, such as have been ejected from a ciater. 

Rem,. The igneous origin of all the Hnstratified rocks is now eo generally 
Ejiinitted, that "we may lake it for granted ; and make it the basis of claa- 
uEcatioQ. The proof, however, will be presented in a Bubstquent section. 
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72 GRANITE AND SyENlTE. 

DescT. Ldva cooled rapidly, and not under pressusw, foima 
glass, or scoria ; but cooled slowly, and under pressure, it be- 
comes crystalline. Now tte older unstratified rocks, such as 
granite, syenite, porphyry, and greenstone, are more or leas 
crystalline: whereas basalt, trachyte, and other products of ex- 
isting volcanos, are compact or cellular. Nor have we any huf 
presumptive proof, that the former class are now produced hy 
igneous action. Hence it is inferred, that they were cooled un- 
der a vast pressure of the ocean and its subjacent beds : and 
hence they are called phitonie 'rocks: whereas the latter are 
denominated volcanic rocks. Phillip^s Treatise on Geology. 
Vol. 2, p. 52. LpelFs Elements of Geology, Vol. 1, p. 11, 

Prin. There is strong reason to believe that in some in- 
stances as in Saxony, and in Sutherlandshire, and Arran ie 
Scotland, granite has been protruded through the strata aftej 
it became solid. LyelVs Elem. Geol. Vol. 2, p. 370. SoU6 
basalt was protruded in a similar manner,' according to Vor 
Buch, in the year 1820, in the island of Banda, in great quan 
titles. Description des Isles Canaries, ^c, par L. de Buck, p 
412. Pans, 1836. Also Am. Bib. Repos. Jan. 1840, p. 34. 

Obs. The most important of the unstratified roeha will now bo describe! 
in an order as nearly obioooli^ical (beginning with the oldest) as tlie presen 
state of our knowledge will admit. 

!. Giauite 

Descr. The essential ingredients of this rock are quarts 
felspar, and mica. Its pie\ ailing colors are white and flesh 
colored. In some cases the materials are very coarse, the crys 
talline fragments being a foot or more m diameter. In othe 
cases, they are so fine as to be scarcely visible to the nakei 
eye: and between these extremes there exists an almost infiniti 
variety. The fine grained varieties are best for economicB 
uses: but the coarser varieties abound most in interesting sim 
pie minerals. 

VarUties. CrapMi: graaiste is composed of quarli and felspar, in whicl 
the former has an arrangement which makes the surface of the rock exhihi 
tho appearance of letters, as in Fig. 33. When granite contains disrini 
crystals of felspar, it is called porpkpitic. "When the ingredients are blende 
into a finely granular mass, with imbedded crystals of quartz and mica, it ha 
lieen called by the French writers, eimte. Pegmatite ia a granular mixtur 
of q<\ar!z and felspar, 

2 Syenite. 

Def. Syenite ts composed essentially of felspar, quartz, ani 

hornblende, the first predominating When mica is also presenl 

the compound is frequently denorainated syenitic granitt 

Tro,ite Elementaire de Geologie, par M. Rozet, Tome 1, p. 48S 
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SYENITE. 73 

Obs. I. A great deal of confusion anil divrrslty of opinion hw ex- 
iBted in respect to the nuture anc! posidon of syenite. Moccolloch mabi!« 
it to consist of felspar (compact or common) hom blende and quattK; and he 
limits it to ths overlying or tntp faniU;, and considers the analogona 
compounds associated nitti granite, as merely varieties of the latter. In 
W. England, such a distinction would be very difficult, sinca the same con- 
tinuous ibrmation of eyenjtO} is soinctLmsa connected^ on the ohl hand with 
granite and on the other with porphyry and greenstone JWaccuitaA't 
aasiifralton ' Ro } p 512 

Fig 33 
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74 I'ORPHYRir. 

the nnne of s^iuite wjh Jerivri wis noil ii „ but granite with bloc* 
mica nnd also tbat Mount bmai in 'Vtab a wos composed ot genuin* 
Bjenite i Firnch gfol lai^t proposed to substitute Siaai lor syenite — 
bnt tjie eag^slion which was certainly a ^ood one has not been 
adoplnl 

01:. i Mo»t of the syenite so famouB in H J ngland for orcbilectural 
pur[njFS It th t Iron (^uincy and Cspe Ann is canposed ot fclspac, 
quu tz an 1 liurnblen p the litter frequently disappearing 

3 Poifhy^y 

D f Eoclis with a homogeneous compact oi earthy base 
thiough which ate diifseminated crj stalline im= i-s of oome otii 
er miiiEral oi contemporaneous origin with the ba e are dciiom 
mated fo^fkyiy True cl<(Ssica! pDrph'vry, eu h as 1103 most 
commonly emploj ed bj tha ancients has a ba'^e of compact fel 
spar with ijibedded cr^ stals of felspar \\ hen the base is 
greenstone pitchstone trachyte or basalt the porph'vrj is sa.id 
to be greenstone porphjrj, pitchstone porphjij, trachjtiL. por 
phyry, and basaltic porphyry. The base is sometimes clinkstone, 
or claystone, and the imbedded crystals may be felspar, augite 
olivine, &c, 

/»/. Hence the term porphyry designates only a certain form 
of rook, but does not refer to any particular kind of rock. When 
porphyry is spoken of in general terms however felspar, poi-- 
phyry is usually meant. 

Ois, The name porphyry signifies frirfle, nogq^vyn, such 
having been the most usutJ color of the ancient porphyries: 
but this rock exhibits almost every variety of color. It is the 
hardest of all the rocks ; and when polished, is probably tlie most 
enduring. 

Hkscr. Cla^stoiic is an earthy compact stone of a pntpliEh color, appear- 
ing like indurnlcii clay. Compact felspar, sometimes cnlliil pelrosihx., ia a 
hard compact stone of Torious colors; fuiiible before Che common blow 
tripe, and often translucent on the edges, hke hornstone. Its predominant 
uigreilient appears to be fpbqiar. (dmJis'.oti^ at phenoUie i) or fissile prirosiZar, 
a greenish or greyish rock, iliTiding into slabs 01 columns, ringing under 
the hammer, and apparently a variety of compact felspar. Horaslo-ae is a 
compact mineral, often translucent like a horn : of lanous colors; in hard- 
nesa and fracture approaching fiint : infusible before the blow pipe : and 
hence composed chiefly of silica. Cffpnesti is between hornstone and com- 
pact folspar, compact and homoireneous; supposed to consist of felspar, 
quartz and hornbleniJe. All these subslancsa form the basis of porphyry j 
and hence wo have clinkstone porphyry, hornstone porphyry, claystone 
porohyry, &c. When black augite forma the baaa of porphyry, it is eallcil 
mcbpkp-/!. 

4. Grcensl'one. 

Descr. Several tinstratified rocks, whose principal ingrejjienti 
Ue 161^:25 find hornblende ot augite, are called trap Rocks , 
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from the Swedish ii Drd t fj a, itair because they Eire often 
airai^ed in the form of stairs or steps Although the term 
tno IS loosely applied most writers limit it to the varieties of 
rock called gret,nstone syenitio greenstone basalt, compact fel- 
^pa^ clinkstone pitchstone wacke ami gdaloid, augite rock, 
hvperstheno rook, trap-porphyry, pitchstone porphyry, and tufa. 
Macculloch ineliides clay stone and syenite. System of Geology, 
Vol. 2. p. 80. 

DescT. Greenstone is ordinarily composed of hornblende 
and felspar, both compact and common, the lormei in the greatest 
quantity 

DeuT The term ild iiSe has been osptl b) the aeulogists of continen- 
tal Eaiope OS cquiTBleiit to grccnatone But occoirQin^ 1o Rose, dolcrite 
consists of black augitP and Xahradoc felspar to which LeonhariJ adds 
iron D orit' a another name for a viriety of ercenstone, which Roae 

hornblenci i i n ' I i iillwh calls those 

IS the piL i I i ionhnnl le almost 



plijry ilioii 



D&Kr Traoli'vfL 
porphyriEic by Ti 1 
glaasy fehpai, mi' 

1 p 55G L?a" 

name is dern ed troin 

:s to tho touch 



coloi uiually 
compo::ed of 



' jMIl Its 

It k TO I , ' /,/ fiom Its harsh 
11 ibundnn* ])roduct of \ olcanic ac 
tion dunns; the tertiary period ind usuaUy ^ppea^3 to be older 
than basalt, ibhougb trachitic lay is hai e c mtimied to be ejected 
down to the present day. Trachyte occurs in Auvergns and 
Hungary, and in vast quantities in South America ; but not in 
the United States. It constitutes the loftiest summits of the 
Cordilleras. Hfmboldl's Geo^iwsUealEs^ay on the Superposi- 
tion of Rocks, p. 423, 

DcKT. Trachyte in an earthy condition, as it occurs in the Pays de 
Dome, in Auver;;ne, is called (limits. Trachyte ia usually poipl^jritic, anil 
hencn we hare trackiilic j/orphynj. 

G. Basalt 
Descr. This rock appears to be composed of augite, felspaB 
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and titaniferous iron j and sometimes olivine in distinct grains. 
Its color is black, bluish, or grayish ; and its texture compact 
and uniform; — Biore so than greenstone. Augite is the predomi- 
nant ingredient. Probably in some cases, hornblende takes the 
place of augite ; but from the nature of these two minerals, this 
can be regarded as of little importance. Basalt passes insensibly 
into all other varieties of trap rocks. De la Becke's Manual of 
Geology, p. 453. Lyeirs Elements, Vol. 2, p. 197. 

Rem. It is often asked whether basalt occurs in the UnileJ Stotea. Thn 
litholonical charactets of some of our trap roeks can hardly he dbtinguished 
from those of basalt: yet it is not probable that any of our trap rocks are aa 
recent as the basalt of Europe ; and hence our geologists usually refer tliem 
lo greenstone. 

7. Aaj" alo I 

Descr. This term, like porph'v r\ is not conhne 1 to ^ny le 
sort of rock ; but indicates i certain form 1 i h exlei d3 
through all the trap family Amygdaloid abounds in rounded 
cavities, like the scorifs and pumn,e ot modern lavas and these 
are often filled with calcareous spar quartz chalcedony zeolites, 
and other minerals, which hi\e taken the shape ot the cavity: 
so that the rock appears as if filled with flmond'j and hence 
the name from the Latin, ar y" lali an almond Ihe^e cani- 
ties, however, have sometimes been len^hcned bt the flowing 
of the matter while melted, so that cylinders are iound several 
inches long;. When they are mt filled the rotk is said to be 
vesicular, 

Descr. A soft variety of tiap rock resembling ind irate d 
clay, is caUed tcacke, which ma^ or may not bp m, icular. 
From its resemblance to the toad probably it is calltd in Der- 
byshire, loadstone. 

Rem,. The slaty grnj^macke in tho v c n t> of Go ton isalBr^hion and 
'"'■ ' ' inveitol into deciJeJ a ygdalo ! w tl uut !o3 na wl oilv its 



laminated structure. The same a tKo ciao w th the red sanUto e Ijmg 
hencath tho greenstone near Connect ut river In Ihe laltc case howe er, 
the caTities are rarely filled. 

Prismatic, or Columno/r Structure. 
Descr. One of the most remarkable characteristics of the 
trap rocks, is their columnar structure, This consists in tha 
occasional division of their substance into regular prisms, witt 
sides varying in number from three to eight, usually five oi 
six, whose length ia sometimes not less than 200 i'eet. They 
are sometimes jointed; that is, divided crosswise into blocks 
fcom one to several feet in length : whose extremities are more 
OF less convex or concave, the one fitting into the other. Usu- 
ally tliese columns stand nearly perpendicular, and when woiD 
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COLUMNS OF TRAP. 77 

sway on the side, they present naked walls which appear like 
the work of art. Thoy stand so closely compacted together, 
that though perfectly separable, there is no perceptible space 
between them. The thickness of the columns varies from one 
to five feet. 

Rem. 1. The concave eilremity is visually uppermost. But at Tilim's 
Pior, al the foot of Mount Holyoke, in HaJlcy, some of the columi 
convei at the top. The foUowins sketch, Fig. 34, si 
«l the Giaat's Causeway m Ireland, 



rs their appearance 




them 



and the G\nti C»uaew 

known to n 'od dean pti 

thin sol anu ts sborre 

for ne i of c lu u la The cave ie a t 

and "^ f et loni;, formed by tlie 

sketch Tib 3 will convey an ilea 

geoflrai structure of the 'isn I 



on d t appose for s of bnso a 

le of n OS « n«k ble ene y on be g be Pingal'a 
o LiT (oeoft Wesen Isand Scotland,) 
Jauaewav m the north of Ireland, are almost too wcU 
is CMnposed entirely of basait with a 
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78 TITAN S PIAZZA. 

Fig. 36, gives some idea of tho appearance of an overhanging group of 

Feenalone columns at a [ilace on Mount Holyolte in MasBacTiuaette, whith 
have lieoominBteii Titan's Pia/isa. Thelowecend of the uolumns, severil 
rows of which project ovei the obaerveF's head, are exfohateil in snch s 
manner as to present a convex surface downwards. 




Dea 



Tilima Pm,ta m Ho/ oke 

The Giants Cnusewai consists of an irregular group of penla- 

aL lumna from one to five feeS thick and from 30 to 200 feet high, 

ted usual '^\heie the s>^ ha? hid access (0 them their upper 

ri worn anaj, while \\e lower part rein-iinB extending an un- 

w il tancc beneath the waves, and Beeming the ruin of some andeot 

k f art, too Jnighly fur man, and therefore referred to the riantB, 

Iso is a cave of considerable extent. Oeohgiad 'Fi-mimcHowS, Vd. 4 
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■ IHPENTmE. 79 

Kxm S. When a trap vein, or i];ke is columnai the colamns oftui 
le horizontal, or rather pcipenilicular to the sides ol the vt^in and thus 
IS pciHluc'd B wall lA' Blon*3, regularly filieil to one anot er and luid up, 
a|i[i.irently by aiaji : while otlen a, decomposition of the EUrta<.ei> ul the 
blorka, produces a powder resembling disintegrated mortar A wall of 
vliis 6ort was tbrmeriy discovered in Rowan Countj, Worth Carolmaj 
wliiuh prujeeted i^ovo the rock which it tra\erj9ed, in consequpncB of 
the decay of the rock, and it was for a long time confidently belieiied tn 
be a work of human skill, proving the iormer existenco there of a powerful 
and civilized people. Dykes of this description arc \ery common m tha 
State of Midne. 

jWe^H. 4, Greenttone columns standing upright, or leaning only a few 
degrees, are quite common in North America; and form sonie of ouf 
must interesting scenery. The most extensive formation of this aort appears 
to be in the country west of the Eocky Mountains, where the Columbia 
river passes through mountains of trap, (not improbably of basalt,) from 400 
to 1000 feet high ; and whetc soveral successive rows of columns are super- 
imposed one upon another, separated by a ftw teet of amygdaloid, con- 
glomerate, or breccia, Parixr's JoarmU of an E.):pi<fri'ig Tfur bfyond lAo 
Rocky Mouataim, p. SOS. m/!ca, 1838. 

The Palisadoes on the banks of Hudson river, are aoother eiamplo of 
greenstone columns. They e:iist also on Penobicot river ; and very peritM^ 
examples occur on Mount Holyoke and Tom, on Conn !ttiout river, an ex- 
ample of which has iieen ^ven in Fig. 36. 

Prin. The columnar structure of the trap rocks, has resulted 
from a sort of crystallization while they were cooling under 
pressure from a melted state. 

Pronf \. I*recisely similar columns are found in recent lavaa 
Wondirs of Otology, Vol. 1. f. 248, 230, a/tid Vol. 2. p. 640. 
2. Mr, Gregory Watt melted 700 pov.nds of basalt and caused 
it to cool slowly ; when globular ma ises were formed, which en- 
larged andprassed against one another until regular columns were 
the result. BakeweU's Geologif,p. 146. 

8. Serpentine. 

Descr. Serpentine is a mottled rock, the predominant color 
green, containing about 40 per cent, of magnesia. It sometimes 
retains traces of original stratification or laraioatioo ; so that 
Dr. Maeculloch regards it as metamorphic, and places it both 
in the stratified and the unstralilied class of rocks. It is elegant 
as an ornamenial rook, thongii not much used in this country, 
where it exists in immense qjantities. 

Descr. DiaBage rode, which is tbe eapkoiide of the French, the gohbre of 
the Italians, and some ophioliies of Brongniart, is essentially eompoaed of 
fi;lspar and diallage : but it sooictimes contains serpentine, mica, and quartz. 
Dialbge and serpentine are very noaily allied. Opiiita is a. green porpnyiitic 
rock with a base of hornblende and tcispar, (the former greatly predomi- 
nating,) and cont:dning crystals of hornhletide. It passes into serpentine by 
B miituie with talc. Ojihiatb^ (French), ia composed of limestone and ser^ 
pontine, with talc and chlorite. Under this roci ia arranged tho boautifu] 
verd Biikjiie marble, such as occurs in Newbury iind Middiefield in Masaa- 
thusetta, and at New liaven and Milfbrd in Connecticut, Br<mgniarf» 



Tableau des Terrains, ^-c. p. 32o. Cipolln is a Bacchnrino lioieBtone -whiek 
contains mica, or talc, as a conslituent. This forms several interesting varie- 
lies of marWe. Eoicl's TraiU Ehvieniaire de Gfiotogte.p. IHl. ioint 1. 

9. Lava. 
Ttescr. Lava, as remarlied in another place, embraces all 
the melted matter, ejected from yolcauos ; and the two minerals 
felspar aad augite, constitute almost, the entire mass of these 
products. When the former predominates, light colored lavas 
are the result : when the latter, the dark varieties. The former 
are ns^ed, felspaihic or trachytic, and the latter, atigiiic or ba- 
saltic lavas. 

Sera. Other simple minerals occur in Java. Thus in the products of Vesu- 
vius alone, not less than 100 species have been detcctoii ; b\it they Ibrm so 
inconsiderable a part of tlic viholo mass, as not lo deserve consideration in a 
general view like the present, 

Descr. Trachytic lava corresponds in most of its characters 
to the trachyte of the older igneous rocks. When cooled under 
pressure, solid r ick results ; but when cooled in the aii', it is 
porous, fibrous, and light enough to swim on water, as is the 
case with pumice, large masses of which are found sometimes 
in the midst of the ocean. Sometimes it is porphyritic, like the 
older trachytes. 

Descr. In like manner the basaltic or augilic lavas exceed- 
ingly resemble the more ancient basalt ; and are in fact the 
same thing, produced wni'er ciroumstances a litile dilFerent. 
When cooled under pressure, compact basalt is the rosiiU ; but 
cooled io the open air, they are scoriaccous or vesicular, and 
are usually called scoria;, 

Descr. Graystone lava is a lead grey or grennish rock, 
intermediate m composition between basaltic and trachytic 
lavas: but the felspar predominates, being more than 75 per 
cent. When albite takes the place of common felspar, the lava 
is denominated midesitic. 

Deter. VUreaaa lata has a. fractnro like glass. Obsidian seems to bo 
merely melted glass. Pitdislane is less glassy, with on aspect more like 
pitch. It is usually eoraposccl of felspar and augite, and often posses infu 
LnsalC Its composition however varies. 

Descr. The small angular fragments and dust of pumice, 
(which is vesicular trachytic lava,) and of scoriEe, (which ia 
vesicular basaltic lava,) which are produced by an eruption, 
falling into the sea, or on dry land, and mixing with sand, gra- 
vel, shells, &c. and hardened by the infiltration of carbonate 
of lime or other cement, constitute the substance denominated 
tuff. When this rock occurs with trap, it is called (rap tu^; 
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and when with modern lava, volcanic tuff. If it contain large 
and angular fragments, it is called volcanic breccia. When the 
fragments are much rolled, the rock is a tufaceous conglomerate. 
The hasaltic tufi's are denominated by the Italian geologists, 
pepermo. A kind of mud is poured out of some volcanic cra- 
ters, which forms what is called trass. 

Deecr. Soraotimea, eBpecially ai ttio great volcono of Kairatica, oa tho 
S[inclwich Manila, when lara is tbiown into the air, Cho wind Epins it out 
into thraads, feseuibUng flax, and drives it agMnst the sides M the crater. 
This is called volcanic glass ; and liy the natives of Sandwich Islands, Pete's 
kair ; Pole hnsing formerly been logarded as the presidij)^ dirijiitj- trf the vol- 
cano of Kairauea. 

DescT. Other substap.ces ejected from volcanos are frag- 
ments of gi-anits and other rocks, scarcely altered ; cinders aad 
ashes of various degrees of fineness, which are often coaverted 
into mud by the water that accompanies them ; also sulphur in 
a pure state ; various salts and acids ; and several gases ; among 
which are the hydrochloric, sulphurous, aod sulphuric acids j 
alum, gypsum, sulphate of iron and magnesia, chloride of sodi- 
um and potassium, of iron, copper, and cobait ; chlorine, nitro- 
gen, sulphuretted hydrogen, &c. &c. 

Descr. The Knstratified rocks, as a general fact, are more 
fusible than the stratified; and of the unstratified, the fusibility 
increases in passing from granite along the scale to modem lava. 
This is owing to the fact that the quantity of lime, and sorae- 
timea of alkali, ia greater in the more recent rocks ; for these 
substances act as a llus. 

Relative Age of the Rocks. 

Frin. In the stratified rocks the relative age of tlie different 
groups is determined by their superposition ; the lowest being 
the oldest : but in the unstratified rocks, there is reason to be- 
lieve a reverse oi-der exists : that is, the oldest member of the 
series lies immediately beneath the stratified rocks ; the next 
oldest beneath this; and so on, till we reach the lava of existing 
volcanos ; which probably comes from a greater depth in the 
earth than any other unstratified rocks. 

Mm. Fig. 37, will more clearly illustrate this proposilion. 

Prin. The ages of the unstratified compared with those of 
the stratified rocks, are determined by ascertaining how far the 
former have intruded upwards among the latter. 

Hhn. If for instance, we never find the vdns of a particular igneoiw 
toek shooting upward higher thon the primary rocks, we may infer that it is 
older than Che secondary strata, but newer than the priniaiy ; because the 
fatter roust haro exiated prior to the intrusion of Ute unstcatifcd ni^ 
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And so, if an igneous rock is intruded only into the primary and aecondarj 
strata, we may infer that it is older tlian tlie tertiary strata, and nawer 
tliBn ItiB Eeconilary; Bnil eo on ^th the groups atUl higher. Hence Ilia 
igneous rocks, n, a. Fig. 37, formed during the deposition of the primary 
strata^ whose veina extend no hi<^heF than those strata, may be called, fta 
adopt the phraseology of Mr. Ljel],) thepriniory plutonic: thoso during the 
deposition of the Beeondary strata, b, b, whose veins do not enter the tertiary 
aenea, the cseandary plutonii: .- Uiose during the deposition of the tertiary 
strata, c, c, the terliaTy pMoaic: and la^a Trom active volcanos, d, d, th* 
recent phdontc. 

Fig. 87. 




Descr. la reality, however, we do not find varieli'^R of un- 
stratified rocks whose veins are thus distinctly confined to each 
of the great classes of rocks, though tliere is evidence that vol- 
canic agency was active during all the periods of their deposi. 
tion. But the same igneous rock appears to have been ejected 
at different epochs. Granite, however, seems to have greatly 
prodominatod during the first or primary period ; and is found 
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only occasionally during the secondary period ; though in a few 
instancPS (at Weitibohla) syenitic granite has been protruded 
through the chalk, but never among the tertiary strata. Por- 
phyry appears to have been mostly confined to the period of the 
latest primary, and the older secondary (transition) rocks. Trap 
roolt predominated ia the secondary and tertiary periods, while 
volcanic rocks, in the common acceptation of the term, began 
to be protruded during the tertiary period, and continue to the 
present time. 

Hem, It ia obvioas, thai wil!i the exception of lava, the above ru!a for 
determining ^e relative age of tbs stratitied and unstratijiecl rocks, does not 
show us wnen the latter £igon to he erupted, but onty when their eruptions 

Inf. From ihe phenomena that have been detailed respect- 
ing the unstratified rocks, it has been inferred (!iat the condition 
of the earth, both internal and external, must have been different 
at different epochs ; so as at one period to be peculiarly favor- 
able for tiie production of granite and syenite, at another of por. 
phyry, at another of trachyte, at another of basalt, and finally 
at another of ihe lava of extinct and active volcanoes ; and 
hence, that the older igneous rocks, (ex. gr. granite, syenite, 
&c.) are no longer produced, except perhaps in the deep re- 
cesses of the earth. 

Proof. 1. Tke greater abundance of granite and syenite associated with 
the primary than wjth the cower strata, and of trap and volcanic rocks with 
the higher formations. 3. The almost ontJTe identity between the chemical 
constitution of granite and Ihe pnmary sEratilicd deposits, indicates some j^ne- 
ral and common canse for the origin of both : whifo the diSerence of ultimate 
constitution between granite and the newer stratified rocks, pairticnlarl; in the 
greater quantity of lime in the latter, indices a difference of origin. 3. The 
gradual and iniensibic [laseagc, on an eiteniive scale, of granite into pneisa, 
hornblende slate and mice tme, indicates some general cause tor theu pro- 
duction, and that the diveruty existing between (hem has resulted from 
alighdy modifying circnmslances ; while no such transition of any conse- 
quence between granite and the newer Btiatifiod roots has ever been dis- 
covered. 4. GcanitB and tlie trap rocks differ bo much in chemical constitu- 
tion, as to show that they must Have originEited from different masses of mat> 
(or. Thus granite contains about 30 per cenL more of silica than greenstone ; 
about 3 per cent, less of alumina; 8 per cent, less of magnesia; 1 pet cent, 
(essoflimej and two percent, leas of oiide ofiron. 5. The correspondenca 
between the chemical compo^tion of the fbssiliterous stratified and the tnip- 
pean and Tolcanic rocks: that is, we find in both classes a dinunution of silica 
and an increase of alumina, magnesia, and lime. 6. In consequence of con- 
taining much mora of silicate of lime, the trap rocfcs are more iusibla than 
the graniljc; so if we admit that the internal temperature of the earth has 
diBiinishcd, we might eiipcct tliat the former would remain in a melted atate 
after the latter had ail been consohdated. De la Eeche's Theoretical Geokgy, 
p. 305. 

Opposite Hypolhtsis. Mr. Lyell myntains that unstratified rocks of every 
description may now be forming at various deptiia in the earth, even in thB 
Mine relative quandtj as at any Giimer period ; and that the different degreei 
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of pressure and otiiei circumatajicGa nailer which the melted matter ii cooled, 
are autKcient to explain tho iHffcrences of compoailion anil litliological chaf- 
acters which they exhibit. It is not prelenileJ, howcrEr, that thotG is ajiy 
positive eviijenco in iavor of lliis supposition : that i^, none of thi^se recent 
Piutiraic rocks base over been soon. Ltjdl's EUiiicats GeiAag]/, Fo?,3, ji. 347. 

Geological Maps and Sections. 
Descr. Common or physical maps fonn the basis of geolo- 

fical ones : and when the former are inaccurate, the iat!er mtist 
e so too. The chief difference between them is, that on a geo- 
logical map the different rocks found in the regioa delineated 
arc shown either by (Jots, crosses, circles, 6;c. or more usually 
by colors. The only exception is., tJiat when tlie nature of 
the subjacent rook can bo determined, diluviun ia usually 
omitted. 

Descr. Some geological maps designate only the closes of 
rocks ; but these are very imperfect, and the best maps show 
the extent of each rock, 

DcBcr, The Jip of the strata, (ivliicli of course determines the strike,) ia 
eome&ues shown upon a goolosical iiiap. This is usualSj done l>y an arrow, 
which poiata in the dircctiaa of the incUnation. If c!ie strata arc perpendicu- 
lar, it may be reprcsentoi by the linos crossing at right niigles, one of which 
is shorter than the other. If the tivo lines are eqool, so as to ibrin a cross, 
Ihpy indicate horizontal strata. An anticHnal aiis is shoivn by a straight line 
cdby rr wht«hd Wh re ho otnila undul to a good Jeal 
body f h y ro k d O Bedti 3 Manual qf Gedogy, 

p 
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gist, M. Boue, which gives an outhn 
was constroded l>y employing ail 1 
then by reasoning from tho known ii 
necessarily, lie veiy imperfect yet it 
' 'y of the globe. The author of thia i J I i 

■^ -■■-'■■ '\Dg it 10 this lolun 
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itailed geological inari of North America derived mainlj as (o the LOun v 
west of Missouri, and north of Ibe great Ukes tronthe nip of 1 ui, iiu 
as to the United States proper from Uie maps of Hall Ltell ind others and 
he had inteniled to append this, also, to the present work. But he fonnd it 
would make the work too cumbersome, and too expensiv-e. They will both, 
therefore, be pubtielicd with a brief dcEuiiptian of the geology of the globe, in 
a small aenaralB work, under the title of An Outline iff tlie Geology i/f tha 
Globe ! and especially if the United Slates; ullh two Geohgieal Maps. It 
wuuU be very desirable that ail wh» study this work, slionid possess tbess 
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loments' jntipcction of them will give a better idea oi tbe 
'b geology, than tlie best description can do. 

Descr. A geological section represents a vertical cut in the 
earth's crust, so as to exhibit to Ihe eye ihe rocks in their na- 
tural and relative situation. The most valuahle sections of this 
sort are those copied from cliffi, on the sea-coast, or the banks 
of rivers. But usually it is necessary to construct them from 
what we can learn of the rocks and their dip at the surface ; 
presuming that they continue the same to the depth of tho sec- 
tion. Such sections, therefore, are somewhat ideal : but if 
carefully constructed, we may be sure that wo are not far from 
the truth. 

Descr. It is usunlly DSCOEsarf to omplo; t«>o gcbIcs in coneCrncUng tec- 
(iona : one tbr heists, and the other for horizoatal distances : otticiwise the 
eecUons must lie of great extent, or the heights wo\]li] be scarcely perceptible. 
On the other hanil, two scales ptwluce distortion : so that great caution ia 
necessary, not only in the construction of sections but in drawing inferences 



Def. Ill all the stratified rocks above the primary, more or 
less of the relics or traces oF animals and plants occur, some- 
times called petrifactions, but more commonly, organic remains. 

Def. That branch of geology whicii gives the history of 
these remains^, was formerly denominated oryctology, but la 
now called palisoiitologii. 

Rent. Palmmtology is now UBUally limited by outbore to fiwaii animals. 
But I prefor a meaning estenJe<i enough to embrace all ornanio remains, 
whether animal or veiretalle; which is certainly oonsiatcnt with the etyino- 
\asj of the letm (^^Um, oitj, Xoyci.) Ri^eHs' Dk-t. of Tem^a in Geology: 
Anst'j^oGeology,Vvl.l,p.5i. Geology of lliissia, by Murchison, if-c., Foi. 2. 

1, General Characters of OrgaiUc Remahis. 
Descr. In a few instances, animals have been preserved 
entire in the more recent i-ock. 

E.tam. About the beginning of tho present century, tha entire caicasa of 
an elephant was founci enCEUed in Irosen mud and sand in Siberia. It was 
covert with hiur and fur, aa some elophanta now are in the Hiinalayah moun- 
tains. The drift along the shores of tlie Northern Ocean, cbauods with bonea 
of the same kind of animals: but tlie flesh ia laiely presetved. Cavier's 
Eaaay oit the Tlieonj of the Earlk, p. 253, Nae York, l8t8. De la DeMa 
Manurd qf Oeology, p. 300. In 1771, the entire carcasa nf a rhinoceros was 
dug out of the froici! gravel of the same country. BakemeW a Geology, p. 331. 

Descr. Frequently the harder parts of the animal are pre- 
iervecl in the soil or solid rock, scarcely altei-ecl. 
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Ran. Man; well authenticat^il instances are on record, in vliicb loa^ 
Hnakes, and liuirJ?, have been fbuTii] alive in ^e solid parts of living trees, 
end in solid rocks, as well as in gravei, deep benea;^ the snT&cc. But in 
dieBe instances the onitnala undoubtedly crept into each pkces while young, 
and atler being grown could not got out. Erang very toiincioua of lifu, and 
probably obtainms some noorishment occasionally by selling upon insects 
that might crawl uito their nidus, they might SI 
many years. Bat such examples cannot comi 
organic remains. Sec an interesting paper on l 
in llle American Jaurnfd of Saeiiix,VoL S3, p. 2.«. 

Descr. Sometimes the harder parts of the animal are par- 
tially impregnated with mineral matter j yet the animal matter 
is still obvious to inspection. 

Descr. More frequently, especially in the older secondary 
rocks, the animal or vegetahle matter appears to be almost 
entirely replaced by mineral matter, so aa to form a genuine 
'petrjfaclion. 

Rem. Probably in every cbbb, however, a chemical process would show 
the preaence of considerable organic matter. Parkinson's Organic Remaini 
qf a Farm^ World. FoL 3. p. 284, 

Descr. Sometimes afler the rock had become hardened, the 
animal or plant decayed and escaped through the pores of the 
stone, so as to leave nothing but a perfect moi'M. 

Descr. After this mould had been formed, foreign matter 
has sometimes been infiltrated through t!ie pores of the rock, so 
as to form a cast of the animal or plant whsn the rock is bro- 
ken open. Or the cast might have been formed before the de- 
cay of the animal or plant. 

Descr. Frequently the anin- 
is so flattened dov.-n that a met 
remains to mark out ilK form. 

Descr. All that remains of an animal sometimes is its track 
impressed upon the rock. 

Descr. Tiie mineralizer is most frequently carbonate of 
lime ; frequently silica, or clay, or oxide or aulphuret of iron, 
and sometimes the ores of copper, lead, &c. 

2. Nature and Process of Petrifaction. 

Def. Petrifaction consists in the substitution, more or less 
complete, liy chemical means, of mineral for animal or vege 
table matter. Be la Beche's Theoretical Geology, Chapter 13. 

Descr. The process of petrifaction goes on at the present 
day to some extent, whenever an animal or vegetable substance 
is b tried for a long time in a deposit containing a soluble mine- 
ral substance that may become a mineralizer. 

Exam. 1 Clay containing sulphate of iron, will, in n. few ^ears, or even 
montliB, produce a very perceptible change towards pelrifuction inabooB 
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tmieil in it. BakeaelVs Oeolngy, p. 19. Some springs also hold iron in rola- 
tion; and vegetable matters mo in the process ofumethoron^hlyciiaiicred into 
oxide of iron. This is seen a^a where ho^ iron ore la yearly depositing. 

Exam. 2, M, Qoppert placed fern leaves carefully in clay, and exposed 
the cky for somo time to n red heat, when the leaves were made to reBemble 
petnficd plants found in the rocks. Wanders qf GoAigy, Vol. 3. •p. 561, 

H^otheiical Exam. 3. SI. Pnlrin and Brongniart suggest that tlie petri' 
iying process inny sometimOB be effected " suddenly by the combina^on ef 
gaseous fluids with the principles of organic structures," Wonders of Gm- 
hgt; ViA. 3, p. 559. Some facts render this problble. For stems of a soft 
anil succulent nature are preserved in flint; and the young leaves of a palot 
tree in a state just about to shoot forth, have been found completely siljcificd. 
IjyeWa Elements nf Geology, To!. 1. p. f&, 

3. Means of determimng the Nature of Organic Remains. 

Prin. The first reijuisite for determining the character of 
organic remains, is an accurate and extensive knowledge of 
zoology and botany. This will enable the observer to ascertain 
whether the species found in the rocks are identical with those 
now living on the globe. 

Prin. Tile second important requisite is a knowledge of 
comparative anatomy : a science which compares the anatomy 
of different animals and the parts of the same animals. 

Rent. 1, This recent science reveals to us the aalonistung fact, that so 
mathematically exact is the proportion between the different parte of an ani- 
real, " that froei the character of a single limb, and ercn of a single tooth, or 
bone, the tbrm and proportion of the other bones, and the condition of the 
entire arumal nmy be inferred." — " Hence, not only the frame-work of the 
fossil skeleton of an extinct animal, but also the character of the muscles, t>y 
which each bone was moved, the external form and figure of the body, the 
food, and habits, and haunts, and mode of life of creatures that ceased to 
exist Ijefore the creation of the human race, can with a hijfli degree of pro- 
bability be ascertMned." Bvekland'a Bridgetcaltr Trcalise, Vol. 1. ji. 109. 
See also Curisr's Osaemsna FoasOa, Ihirit 1. p, 47, Troisiioie Edition. 

Rem. 9. It is clear ftora the preceding statement, that no individual can 
hnnfl Co possess in himself all the requisitee for Buccessfnlly detBTmining or- 
remains. For the field is too large for any one to hope to become fomi- 
ith all its parta. Hence, at this day, it is cuatomary ibr the — ' — '-' *~ 
for aid to the botanist, the zoologist, and the comparative ai 
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4. Classification of Organic Eemains. 

Prin. Orgaoio remains may be divided, according to their 
origin, into three classes : 1. Marine. 2. Freshwater. 8. 
Terrestrial. 

Rem. 1 , The last class appear in most instances where they oecur, to 
have been swept down by streams from their original situation into estuaries ; 
where they were mixed with marine relics. Sometimes, perhaps, they were 
([luetly submerged by the snbsideniw of the land. 

Rem. 3. The following table will show the origin of the remains in the 
lEfi'orcnC groups of fesdliforous rocks, 

Cambrian and Siluiian Systems } Marine. 

(GraywBcke.) ( Rarely Terrestrial 
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Old Red Sandstone. Marino 

Carboniferoua Limestotie. Do, 

Coal Measures. Tcrrpstrial Estuaiy Deposits, 

and subuiergeil kiiid. Rnrcly perhaps fresh watpr ikposits. 

Keiy Red Sandstone Group. Marine 

Oolitic Group, Mostly Marine. 

but in a few instances, Terrestria!. 

Wcaiden Rocks. E^uary Deposit. 

Cretaceous Group. jHarine, 

Tertiary Strata. Marine and Presh Waiec. 

Diluvium, Tcrrestiiai. 

Jnf. It appears from the preceding stntemeuts that by far the 

greatest part of organic remains are of marine origin. Nearly 

all the teiTestrial relics indeed, atid many of fresli water origin, 

have been deposited beneath the waters of the ocean, 

5. Amount of Organic Remains in ike Earth's Crust. 

Descr. The thickness in feet of the fossJIiferous strata in 
Great Britain, as given in the tabular view of the stratified 
rocks, with the excepfion of the Silurian and Cambrian systems, 
which I give on the a-jthority of Prof. Phillips, is as follows ■ 

Tertiary, 2000 feot. 

Chalk, 1100 do. 

Wealden, 900 do. 

Oolite, 2000 do. 

Lins, 700 rio. 

Upper Neiv Red, MO do. 

LfJiver Neiv Red, 800 do, 

Carlmnifrroiis System, 5700 ilo. 

Old linl ^:nid^lonf. 10.000 do, 

Siluri;i,i Itix',^^. 71T0 dn. 

Camliriaii Roc-ks, 9000 do. 

Total, 40.r)T0 feet; or 7-^ miles. 
Han, I. We haTc already seen that Prof. Hugers toakes the fossil ifero la 
hKks in this countiy below the top of the coai iflBasurcs, 40.000 feet thick. 

Descr. Organic remains occur more or less in all the fossi- 
liferous slrata whose thickness has been given. As a matter 
of fact, they Iiave been dug out several thousands of feet below 
the present surface. 

Descr. In the Alps, rocks abound in organic remains from 
6000 to 8000 feet above the level of the sea : in the Pyrenees, 
nearly as high ; anrl in the Andes and the Himalayas, at the 
height of 18.000 feet. 

Descr. Frequently beds or layers of rock, many feet in 
thickness, appear to he made up almost entirely of the remains 
of animals or plants i indeed, whole mountains, hundreds and 
even thousands of feet high, are essentially composed of organio 
matter. 



Host..:[jvGoOgIf 



AMOUNT Of (IRr.ANlC REMAINS. S9 

DescT. Prodigious accumulations of the relics of microscopic 
Hiiitnals are frequently found in the locks. 

Ej.am. 1. From leas than 1.5 ounce of sWne, in Tuscany, Soliiani 
obtained 10.464 cbambered sheila, like the Nautilus :— 400 or 500 of 
these neighed only s. single grain ; and of one species it took 1000 to make 
that weight. Tiiese were marine sheila. Backland's BridgetcaUir l\saUse, 
FoJ. l.j,, 117. 

Exam. 2, In fteah water ncoumulations a microscopic cruataoeoua ani- 
mal called tile eypris, often occurs in immense quantities ; as in tha 
Hastings sand and Purbeck Umestono in England, where strata 1000 
feet thick arc filled with tbem : and in Auvorgne, where a deposit 700 
teet thick, over an area 20 miles widej-and 80 in length, is divided into 
UyerH as thin as paper bj the eiuvis of the cj-pria. Scmie Wi^k, p. 118. 

Exam. 3. But perhaps the most lemarkable example is that demed frooi 
the recent diBcoTenes of the Prussian naturalist Ehrcnberg respecting 
the foasd remains of animalcula Id one place in Germany is a bed 14 
fett thick made up of tlie shields of animalcula so small, that it requires 
41 000 000 000 of them to form a cubit inch , and in another place, a 
smular bed la 38 feet thick In Massachusetts ace numerons beds com 
poied of the sihceous shreWs of infuaoria fof a. somewhat lar-cr size 
than tbise inenQaned alHive ) many feet in thicknesa and simuoj- Uda 
occur all over New Lngland and Sew York RecentlT deposit? ot these 
carupacci or shields, have been diaootered by Prof Wu b I!og"rs in 
till, tertiary atrjta of Virnnia, ettending over large areaa and Irira 12 
to 2a aa thick 1 Jipmi onlh Geology of ViiS>no for 1''10 f 23. 

Devi It IS a modertite estimate to say, that two thirds of 
the surface of our existing continents are composed of tos<ii 
hferous rocks and these as already stated often "Jp^eral thou 
sand teet thick 

Rcrii 1 This efitniate nHsjIit without exan:;eration be conhned lo 
rtritn that contain m^^nl, eiuviie — that i=, such as were deiHHitid be- 
neath Iho ocean 

Mm 3 After all ll e pfecedms slntements conTev but a lery im- 
perfect ilc^ of (he amount of organic ribea in the rocki To obtain a 

(1 D U) h iioi rf Oi§,ame Rtmani'! 

DtSLF. Existing animals and plants are arranged mto dis- 
tinct groups, each group occupying a certain district of land or 
water ; and few oFthe species ever wander into other districts. 
These districts arc called zoological And botanical proyitiees ; 
and very few of the species of animuls and plants which they 
contain, can long survive a removal out of tne province where 
they were originally placed ; hecause their natures cannot long 
endure the difierence of climate and food, and other changes to 
which they must be subject 

Rem. Althoojjh naluraliala ire agici J in maintaining Ibe eniBtenc* 
of such provinces, yet they have not 3et settled their exact number, be- 
cause yet ignorant of the plants and animals m many parts of the eartll. 
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Ptof Schoiiw mikes :»erit\ Imi rncnl-j-e if (je lap u lol 1 p 
350 Am Edihoi. " r Tj t Tr i ' i r , i vimately at 

iorty five Di "^ ' ' 'nit subject, 

see the Fienc/i J , Article 

OeogiapKie Als^ I 1 w Tji/sU' 

PniicipUa of Ga' \ I ' i i vf Man, 

Vol 1 Etajdnpi^iu ff <f^i:ij'iii, I'll if 

Descr Sometimes mountains and sometimes ofi^ans separite thrne districts 
on the titnd In (he ocean thej ue somrtiaie; dnided tiy currtnis ol 
ehoals But both on land and in the watir, JitTirLni-v of Jiniale Jorms tha 
most effectUEj barret fo the migrition of opicus = nee it is but a, few 
Bpecies that have the power of enduring any aieat chingc in th« respect 

De'cr In same instances organic remains are broken and 
ground by attrition into small fragments like tliows which ara 
now acctimuiating upon some bsach''" b> the action of the 
«ave But often the most dehcate of the haider parts of the 
animal or pHnt sire pre^erM-d, and the'v are found to be group- 
ed together m the strita \ery much as Imng species now are 
on the earth 

IHiis In a. fo'siliferous fbfimtion of any con iderable thickntpe we 
u'uilly find Eoiiitnlut luch an arr-itiiremint aa the Jollowmg The 
whole la diiidtd inM i,m?n J'ilin b,r] o'' i ^iii,.t (In u i" t thr. 

bottom pprhip'i n ' 11 ( r 1 n ' rr •" " i ' i ' 

withfiw or nor, I i i I il 

ofthem in a p I 

plantfl morp or I i I I 

the top ot the Etriea 

I'lf From these facts it is inferred, that for tha mo''t part, 
the imbeddbd immols and plants Ii ed and died o i or near 
the spot where they are fouwd; while it was only now and then, 
that there was current enough to drift them any considerable 
distance, or break them into fragments. As they died, they 
sunk to the bottom of the waters and became enveloped in nui^, 
and the"! ths processes of consolidation and pttr'faelun went 
slowly- on, until completed 

J? m 1 So vi-r\ quiftly did the dopoBition of tt i- fna-,diri.roiis ropks 

profiel in bo ni instintes Ihit thp skelrmi nil ii li t ! ii irro^mpi.. 

ammal" rs we b^^e "L^n «hIchthl.^rr^ T 1 ii i.t have 

truihi. ) ire prrK, r^Pii umnjumd , and ' r d in a 

hjcrifriili. Ii m ihe Eime position wli i i p upon 

the I illoTi ol pi 11 Is, l-ikea and Ihe octin Lr part of 
the shell upper moiit. 
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SITUATION OF OEfiAN; 

Rem. 3. Were tha bottom of our emsting oceans end lakes, where laud, 
Mnd, and gravel, have been acoumulaling for ages, and enveloping the ani- 
mals pnd plants that have died there, or been drifted diither, were this to be 
now elevated above the wa.terE, vie should lind exactly such an arrangement 
of organic remains, as we ftni! in a particular formation of the solid rocks. 
While- Uiero would be a resemblance oetweeti the relics iik different seas and 
lakes, there would be great specific diveraiu-; just as we find in different 
jnoups of rocks in differentcountries: and hence the conclusion Beema fair, 
MLaE these rocks with their contents bad an origin similar to the deposites now 
■■■•>miing at the bottom of existing bodies of water. 

Rem. 3. In the esisling waters we find that different ani- 
nals select for their habitat diflerent kinds of bottom ; thus, 
oysters prefer a muddy bank ; cockles a sandy shore ; and lob- 
sters prefer rocks. So it is among iho fossil remains : an addi- 
tional evidence of the manner in which Ihey have been brought 
into a petrified state. PMUips's Geology, p. 53. 

Prin. There is reason to believe that the temperature of the 
glote in early times was much higher liian at present, and of 
cou.-se more uniform over its surface : and hence the range of 
particular species of animals and plants might then have been 
niMe extensive thaa at present ; and the number of botanical 
and zoological provinces less numerous; and this inference is 
odstained by the facts of fossil geology. 

Descr. From the researches of Prof. E. Forbes in the 
Egean Sea, it appears, first, that increase of depth has the 
same kind of eifect upon the marine animals, as increase of 
height has upon those on dry land, that is, the animals become 
move aad more like those of a colder climate. Secondly, that 
most marine animals and vegetables inhabit particular localities, 
which at length become unfit for their abode, and they emigrate 
or die out. Thirdly, that species ranging widest in depth range 
farthest horizontally. Fourthly, below 300 fathoms deposits of 
fine mud are going on without organi m be e animals 

do not live there. These conclusions p d to he manner 

in which organic remains occur in th k 1 Is Geology, 
Vol. l.j). 497. Report of the British A I f 1843, jj. 2. 

Prin. In comparing organic rem f n d fT it forma- 
tions, it should be recollected that th y m b ! g t the same 
class or order, or genus, and yet be d ly d fi t from one 
another : and that it is only when they are of the same species, 
that they are identical. 

Descr. If we compare together the remains of the cretaceous 
formation, the red sandstone formation, the carboniferous sys- 
tem, and the Silurian formation in different parts of England, we 
shall find that those most remote from one another in locality, 
differ most widely ; but almost without an exception, those in 
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92 REMAINS TN DIFFERENT DEPOSITS COMPARED. 

each formation are specifically distinct from all those in the 
other fortnatioas. FlUSips's Geology., p. 51. 

Descr. If we compare the fossils of the tertiary and secon- 
dary classes of rocks, we sliall find that they have scarcely any 
species common, so far as has been yet ascertained, either of 
animal or plant. Lyell's Prin. Geol. Vol. I. p. 205. 

Descr. If we examine a formation through its v^hole esteat, 
we shall rarely find that any species of organic remains is uni- 
versally dift'iised, unless the extent of the formation be quite 
limited, If we comparo the same formation in diiferent coun- 
tries, the specific resemblance between the organic contents will 
diminish nearlv in the inverse ratio of the distance between 
them Phi'Ups's TreatUe on Geology from Ency Brilt p 53 

Exam In Fuypt thn Ffptacroua rocka contsun dillcrent fbsaiJs from the 
chllkotTii liil nlih 3 1 trao i th inM rJ 1 n 111 e ulhem 



Ucal 1/ ' of 

& hini.Ai S I I 

ReR li t \ i( nil I 1 1 in 

contemnomriLoUb r,, U r le i rly 

etery ohjlk i\c\k> t in J uropp II i I ind 

the conl 1 1' r >or( nn, founJ I r n in 

Europe and "Norlb ImeiitT 

Piin tirnihes and genciathat wpre contemporarie'! apppar 
to have h d a ^er) wide geogiaphical difiusion as they have 
amon^ luetinir 7aima!i luid plants but for the ino,,t pait spe 
cios occupied but a nairow geogiaphical aiea. Phillips a Trea- 
tise on Geology, p. 53. 

Exam. Specifioolly unlike as are llie organic contents oftlio cretaceous 
fortnationa in Europe and North Americn, yet tlio eauiQ genera (ex. ^. Eio- 
gyra Qrypliiea BaoulitoM Belomnites Scaptites and Ammonites) abound, 
and he ee ccea reis oae rd ^ 

P d m h ing animals and 

pla epavated portions 

of h m g as y much alike, or 

verj 

J p. m m of tho United Statd 

with those on the eJiore, of Europe, l nd t Ji,ist 1 pecies of sheila com- 
mon to both, and no reason can beaBafrnod mhjaa clogo a. resemblance mi!;ht 
aiA have eiiated at earlier perioda. Morion's Si/nopsis, p. 83. On the otnet 
hand, bow unlike are tho animals and plants of New Holland and it« coasts, 
(o those of Europe or the United States. 

Prin. Rocks agreeing in their fossil contents, may not have 
been contemporaneous in their deposition. 

Pra)f. The causes that have produced changes of organic life may hava 
■polated sooner upon some parts of the globe than upon others, so that ^ai- 
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SYNOPSIS OF ORGANIC REMAiKS. 98 

licular animals and plants may have coiitlnuccl to be deposited in some spots 
louder than In others. 

Hem. Probably, however, such a diversity in different palls of tile globe 
could not bavB continuec! very long, so that rocks with the same organic 
remains may bo regarded as not differing greatly in age ; and hesides, as 
al ready staled, there is reason to suppose that in earlier times Ihere was greater 
uniformity of climate and condition on the globe than at present. 

Ltf. From all that has been advanced, it appears that an 
identity of organic remains is not alone sufficient to prove 3 
complete olironologicai identity of rocks widely separated from 
each otiier: but it will show an approximate identity as to the 
period of their deposition ; and in regai-d to rocks in a Hmited 
district, it wi\l show complete identitj'. 

Proof. Identity of organic remains proves only the existence cf similar 



1, &c, ; but m remote regions of the gtobc these 

conuiuons may uave eiiBied at different periods, though not pubflbly 

rated by long intervals] and therefore tue identity is upproiunate : i 



depouts containing the samo organic remains were produeed a 
widely remote from eacli other. But in respect to limiti-J regions of a eonti- 
tinent, mneh diff n h have existed at tho same lime ; 

and, theretbro, an ul g rovea the synchronism of the 

deposits contain ng h m 

Fri)t. If h n al J f wo rocks agree, as well 

as their ergo on le chron ism will be shown to 

be more piob bl Bu n 1 he hand, a want of agreement 
in the miner; I cha a ou I n o bs regarded as proof 

that they weie not contempoianeous. 

Proof. The mineral composition of rocks, forming in regions very remote, 
must have been subject to as great diversity as their organic contents. But if 
their mineral composidon is the same, it increases the probabiUty of theii 
synchronal deposition. 

Frm. Still stronger evidence of syuchroni.'sin is obfained 
when rocks agree in their superposition, as well as in the cha- 
racters above named. This ciiaraoter, icdeed, when it can be 
applied, is very conclusive ; but iu remote regions it is applied 
with great difficulty. 

Item. The idcntifica^on of strata in widely aeparat*il regions is one of 
ibe most difficult urolilems in geology; and one where there is great room for 
tiie play of fancy. De la Beche's ■rheoretical Geology, Chaplcis 11, 13, I3. 
jJyeWs Elemenls of Otology, Cliapler IX. VoL I. 

Estimates of the Nuniber of Species of Organic Eemains 

already discovered. 
DescT. In 1844 Dr. Sandberger (/^diire^s hefore the Lyceum 
of Wiesbaden in Nassau) stated the whole numberof species of 
organic remains exhumed up to that date, and described to be 
afwut 16,000; and that for some years this number had iiii 
creased about 900 annually. At this rate, the present knoH'U 
Dumber would be about 18.000. 
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Sescr. Mr, Morris (Catalogae of British Fossils, London, 
1843,) has given an accurate list of the organic remains found 
in Great Britain up to the year 1843 ; amounting to 5140 spe. 
cies. Tlie following Hat shows them distributed into the different 
classes. Assuming the whole number now known, as above 
1, to be 18.000, and that in all parts of the world they a 



distributed in the several classes as ic 


1 Gre£ 


It Bi 


■itain, I have 


added a column of the approximate nun: 


iber 01 


ithe 


globe. 




In Great Britain. 


o, 


1 Sit GUAe. 


Plants, 


bU 






1812 


Infusoria, 


■2a 






70 




■77 






270 


Zooptivla, 


3-M 






1141 


Echinoilermata, 


274 






360 




83 






267 


Annelida, 


SO 






280 


Cirrhii^ds, 


at 






74 
66 


Cruiluc'cu, 


1(13 






578 


Coiitlijfera Dimyaria, 


7d9 






a55a 


— ___- Monomya 


ria, 3i3 






iiiJi 


d RudistCB, 
§ 1 Braehiopoda, 


4 






14 


4ii0 






163!) 


=3 ' CcpIulopoJa, 


4TJ 






1656 


a Gaslorupoda, 


823 






2877 




7 






21 


l_Heteropoda, 


39 






1U2 



Piseea, &10 1B91 

Kcptilia, 94 ^^9 

Mammalia, aS 180 

Descr. In the following table the British fossils aro a lUi 
buted into the difFerent formations : and I have added the cor- 
responding numbers on the whole globe, on the same prini.ipli- 
as in the preceding list. In a few instances— marked by aa 
asterisk — I have given the numbers actually described, instead 
of the hypothetical numbers. Thus, loo species of Infusoria 
have been described by Ehrenberg in the tertiary strata of the 
United States ; although none are given in Morris's Catalogue 
of British Fossils. Pritckard on Infusoria ; London, 1841. A/so, 
EhTenberg's Verbeilung Ttad Einftua Mikroscopisckai Lehens in 
Sud und Nord Awerika ; Berli^i, 1843. Also, Ekt-enherg uber 
drei Lager von Gelirgsmassen axis Infusorien als Mceres-Ab- 
sati in Nord Amerika, ^c. ; Berlin, 1844. In iho Perir.iBn sys- 
tem I have given the species of plants known in all Europe, of 
stated in Murekison's Russia, Vol. 2. p. 13. London, 1845. In 
Jie Devonian and Silurian systems 1 have given the plants ^sea. 
weeds) as described in the New York Reports. Although suuh 
plants are abundant in the Devonian and Upper Silurian sys- 
terns, very few of the species seem as yet to have been described- 
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96 THE HYPOTHESIS 01 TRANSMUTATION OF ANIMALS. 

Rem. From a variety of causes, which cannot be here de- 
scribed, I have been unable to distribute witli entire accuracy 
the British fossils in the several formations : and the numbers 
hence deiJuced for the whole globe, muai be regarded as only 
vague approximations to the truth. These numbers, moreover, 
must not be considered as attempting to show the actual num- 
ber of species in the rocks, but only as an approximation to tho 
number already discovered. And yet we know that the suppo- 
sition which makes Great Britain a type of the whole globe in 
this respect, must be very inaccurate ; yet I give these numbers 
for the waat of more exact data. 

Inf. I. From the preceding table */e learn that all tho im- 
portant classes of animals and plants are repres9nted in the 
different formations. 

Inf. 3. Hence we learn that the liypothesis of Lamarck is 
without foundation, which supposes tiiere has been a transmu- 
tation of species from less to more perfect, since the beginning 
of organic life on the globe : that man, for instacce, began his 
race as a monad, (a particle of matter endowed with vitality.) 
and was converted into several animals successively ; the 
ourang-oufang being his last condition, before he became man. 
Lyell'a Prin. Geol. Vol. 3, Book 'i, where this subject is treated 
ably and fully. "The Sauroid fishes," says Dr. Buekland, 
(Bndgeieater Treatise, Vol. 1, p. 294,) " occupy a higher place 
in the scale of oj'ganizaiiou than the ordinary forms of bony 
fishes; yet we find examples of Sauroids of the greatest magni- 
tude and in abundant numbers, in the carboniferous and secon- 
dary formations, whilst they almost disappear and are replaced 
by less perfect forms in ths tertiary strata, and present only two 
genera among existing fishes. — In this, as in many other cases, 
a kind of rr.irogreul.e development, from complex to simple forms 
may be said to have taken place." 

Inf. 3. We learn, however, that in the earlier periods of 
the world, the less complex and less perfect tribes of animals 
and plants greatly predominated, and that the more perfect spe- 
cies became more and more numerous up to the creation of the 
present races. 

Inf 4. Vegetable life mast have commenced on the globe 
nearly as early as animal life. 

Proof. Vegetable are neceesmy for the food of animals. The loweal 
rocks, however, contain but few plants, and these mos^y marine. A few 
land plants, however, have been founJ in the Devonian, and even the Up- 
per Silurian, in New York. Vana.'rem'a Fmal licparl on ths T/iini Dis- 
trict, p. JB4. 

Inf. 5. Dry land, capable of sustaining vegetation, must 
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THi; DlsTftlEUTION or PLANTS. 97 

iiave eKisted soon afler the deposition of the fossiliferoua rocks 
commenced. 

Proof 1. Tarestri^ vegelaHe reiHains occur in rocks of the Siluiian group. 
2. The cletiital charactei of the rocks or'th:iC gro^p maJtcs the eiUt^ncc oS 
dry land during ke ilepost^n nltiuHt Ceitain; since roclis entirely beneUli 
(he waters are but slightly worn away by oceanic correnta. 

Bescr. The family of coRiferous plants is found in tlie ear. 
liest roclts containing plants, and at each successive change in the 
physical condition of the globe, the number of ils genera and 
species increased, until it forms among existing plants about one 
three hundredtli part of the whole flora, or nearly 20Q species. 
Palms also occur, though sparingly, in all the formations. 

Deser. The 300 species of fossil plants ibund ia and beneath 
the carboniferous strata, are twe-thirds tree ferns and gigantic 
EquisetaceEe. Ten Coniferffi, and plants intermediate betweeri 
these and Lycopodiacete, viz, Lepidodendrn, Sigillaria, aad 
Stigmatise, together with 10 Monocotyledon ous plants, form the 
remainder. ManteWa Wonders ef Geohgg,Vol. 2, p. 568. 

Descr. Of tiie 100 species found between the carboniferous 
strata and the tertiary groups, one thinl are ferns; and most 
of the remainder are Cycadeic, Uomferse, and Liliacete. More 
of the first named family have already been found fossil, than 
e.\ist at present on the globe. They form more thaii one-third 
of the entire fossil flora of the secondary formations ; but less 
than the 2000th part of the existing flora, 

Descr, The plants of the tertiary strata appro.'itniate closely 
to the existing flora. 

Descr. Below the new red sandstone vascular cryptogamias, 
or flowerless plants, greatly predominate, while dicotyledonous 
plants are rare, !n the secondary strata above the coal, there 
is an approach to equality between these two classes : in the 
tertiary strata the latter predominates j and in the existing flora, 
two-thirds are of this class. Buck/and's Bridgewaler Treatise, 
Vol. 1, p. 520. 

7. Periods in which different plants and animals began to appear 
on the Globe, and iti which some of them became extinct, 

Prin. In general, plants and animals began to exist first on 
the globe during the period when the lowest rock in which their 
lemains are found, was deposited. 

Proof. 1. Those animals and plants are excepted that are 
too frail to be preserved in the rocks ; but in respect to all others, 
no reason can be assigned why their remains should not be found 
along with those of other organic beings existing at the same 
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period. Particular species, Irom being less iiumeious or being 
less likely to get enveloped in deposits formed bj water (a^ 
birds for instance,) mi) be larely faund m the jocts and 
tiierefore, we should not be liasty to inter that a spet,ie« did no 
exist, because we have not discovered its remains But if a 
ibrmatioQ has been prttty esLteosively examined, ("le presuuip 
tion is strong that few new species will be found m it 

2. Comparative anatomy here, comes in to oui aid For il 
is found that certain Ivpcs of organic existence characterize 
particular geological periods and having asceitamed the type 
for any particular period, we may infei with great ceitamty 
iliat an animal or plant of a very dilferent type mil not be found 
among the organic remains of Ibit fotmation Ibus we tmd 
in general the fossils oi the carboniferous group to ha^e been 
adapted to a climate ol a tropical character and to expect to 
find in that group, animals or plants adapted to a I mperate 
climate, would be unreasonable , becauw the t«o tubes conld 
not have existed in the samo Uiimte 

Descr. The following is the oider m which sora of the 
most important animals and plants haic iirst ^pp[a^ed on the 
globe : in other words the epoch of iheir creation It may in 
deed, be hereafter found, nhen the rocks ha\e been moie c\ 
tensivcly examined, that some appealed tariiei 

f EctimodfTinata, Aonclila Zoopli\h < rustic 
GrrhipcdB 
Ma me bhells 
Silurian and Cainbrkin. or I Cj uslacea (Tnlobitee j 

'\shee — Flocoicli-ms and Ganoiclians (baaroida 
and ahArks ) alao those with hcterooercul 
tails 



Cfiiroltpi^ &. ■> 



(Fiahss (fephalaspiE 
( and peculiar 



[ FecitiaT Fishes Aracandais EUch as bcor 

pions Iiaccta aa CuiculjomdiF Pah WU r 

J 'ihdle Infueana Dumti/ledimout PI mis 

\ CoQifenB CycadeiE SlanocBijledonouii Flaiiia 

J Palmae Scibumna 

l^jPo/rcuAions (traiAa in Pennsylvnnm ) 

f Traclis ol Birds Tortoises luJ ChiroUiena oi 
giginta; Batrachians (Labjn itbodon ) 

lUeplie) Monitor Phyloaaiirus IchltiyoaauruB 
J PicKiosauru3 Thfcodontovluril^ PaliBO- 

C UitiKea Pakiiuru' 
I Fiahea Pijffioniscus &• 
1 Dicet- ledonoua Plants \oiliiii BtC. 
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■ Mammalia : (Miirsupials) Thylacotheriuni, and 
Phitscolatheriara, (Didelphys ot Buckland.) 

Bepliles; Saurocepnalus, Saurodon, Teleosaurua, 

Streptospoadylus, Megaloaauius, Lacecta nepCunia, 

^loiton, RhacheosituniB, Pleucoaautos, GeosaoruB, 

Macrospondylus, Fterodactylus, Crocodile, Gaviel. 

Tortoise. 

Fislies: Pycnodanl«B and Lepidddes. (Dapediain, 
&c.} with homocetcal (ails. 

AradnUdaiis : Spiders. 

Insects : Libellulffi, Coleoptera. 

Cruslaeea i Pagurus, Eiyeo, Scyllarua, PallEmon, 

AsCa£DS. 

PlanU: Cycideffl, (PterophyUam, Zamia,) Conifer*, 
(Thuylea, TaxiltE,) LiUa, (Bucklandia.) 

I" Birds : Gralto, (Tilgate Forest.) 

I Rcpliles: Iguanodon, LcplorynchuSj Trionyx, Emys, 

{ Chelonia. 

Fishes: Lepiiiolus, PyenoJus, &t:. Fresh water and 
[_ Kstuiry shells. 



I Pp. ' 



Mo» 



f, &o. 



Ctetioidians and Cjcloidians. 
I Crislaaa ArcanJa, Etyaia, Corjster. 
L PUitUs Conlervffi, NiuadcB, 

WimmaUn 1. Eo-^sne Periml, 50 spedrs.-— Paxs- 
otheriun Anoplotheriam. Lophiodon, Anlhraco- 
tbenum Oheraptaniua (allied U> the Iio^, Adapia 
... . . ,. _, - — -— /a ; Bat, Cania 
Genette, Dor- 



(rea?n»lihns the hedtrahoa,) Cca^it 
(Wolf and Foi) CoatiB, Racoon 



Curlew, Pelican. Albatros, Vulture. 

Reptiles: Freah Water Tortoises. 

Fishes : seven extinct species ofextJncC genera. 

2. Mimxne Period: Ape, Dinotheriura, Tapir, Chali- 
cotherium, Rhinoceros, Tetracaulodon, Hippnthe- 
rium. Sub, Felis, Machajrodus, Gulo, Agnotheriuni, 
Mastodon, Hippopotarous, Horee. 

y. Pliorxiie Period: Elephant, Ox, Deer, Dolphin, 
Seal, Wairua, Lamanlin, Megalonyx, Megathe- 
rium, Glyptodon, Hyiena, Ursus, Weflsel, Hare, 
Rabhil, Water Itat, Mouse, Dasyurus, Halmalucus, 
Kangaroo, and Kangaroo Rat. 

Sinls: Pigeon, RaTen, Lark, Duck, &c. 

Fis/ies: (in the formation eenerulli') more than 100 
species now extinct which belong to more than 10 
eitinct and as many living genera. 

Inseds: 163 genera of Diptera, Hemiptcra, CtJe- 
oplera, Aptera, Hyip^noptera, Neuroptera, and 
Orthoptera.' 
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■ SfeHs: In tlie Newer Pliocene Period, 90 l» 95 pel 
cent, of living species ; 35 to 50 per cant, in tha oljer 
Pliocene: ITper cent, in the Miocene ; and 3,5 in 
the Eocene; amouDting in all, eitinct and recent, 
to 4000 spedes. 
Planls: Poplars, Willows, Elms, ChesnutB, Syca- 
mores, and nearly 200 other species : seven- 
eighths of which are monocotyledonous or dicotyle- 



Alluvial Period. 
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it of the other spccLcs of existing a 



Prin. The remains of men have not been found in any de- 
posit older than alluvium, except in afew cases where they nave 
probably been introduced into drift subsequent to its deposition. 
LyeWs Prin. Geol W. 1. p. 249, 282,- and Vol. 3. p. 204, 
236, 298. 

Proof. In the earlier periods of geology, the fossil bones of other animals 
were otlen mialaken for tliose of man. Thus [he Homo ilihfcii testis of 
Scbeuchzer, yaa ascertitined by Covier to be nothing but a great salamander. 
At the present day, no practised geologist midntains that human remains have 
been found below dvitl ; although some writers on geology still defend that 
opinion. Sea Perm's Omi^araiive Estimate of the Mosaiad aiul Mineral 
OeoUgies, Vol. 3. p. 134. FidrMrngs Geology of Scri^ure, p. 219. Conf 
ttod^s Geologij. p. 363. But some geologists on the continent of Europe are 
of opinion t£at the bones of man are tound so mixed with those of cxtiucl 
qnadrupede, as in certain caverns in France, and the province of Liege, that 
all oiuat have been deposited at the same time ; that is, daring the deposition 
of the most recent tertiary strata. Others suppose that thesanuman remains 
must ha,ve been introduced subsequently. Ba<iUi.n^s BrUlgewaisr T-reoMsc, 
Vol. 1. p. 103. Upon the whole, no evidence has yet been afforded by 
eeolo^, that man eiieted on the earth earlier than during the alluvial or 
histono period. Dr. Smith's Scrijitwre awl Geotogi/, p. 396, Second Bitiiion, 
London, 1840. 

Oi/jetiion. Soma writers contend that when Asiatic countries have been 
examined more thoroughly, the remains of man may be found in all tliB 
Jjssiliferous rocks: and that they do not thuB occor in Europe and America, 
because he had not spread into these parts of the world till a long time after 
his creation. But on thia subject it may be observed, 1. Thai so fiir as the 
countriea of Asia have been geologically examined, their organie relics cor- 
respond, as to distribution and genera] character, with those of Europe and 
America; and hence the presumption is, that in at! that quarter of the globe, 
the niammilerous animals will not be found much below the tertiary strata, 
2. Comparative anatomy strengthens this presumption, by showing con- 
clusively, [hat most of such animals as now inhabit the globe, could not hava 
lived when the same physical conditions existed that were necessary for the 
creatures fbund in the lower rocks. 

Rem. The remarkable specimens of human skeletons found imbed- 
ed in soUd limestone rock on the shores of Guadaloupe, deserve atten- 
tion in thin connection. At first view they may seem genuine exam 
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VERTICAL RANGE OF ANIMALS AND PLANTS. 101 

pteB af man in n tnsnil state. But they belong to the alluvial formation, 
and probably were buried there only a few hundred years ago. Far the 
saiu< lock contajns shells of existing species, as well as Biron's and 
hut beta of stone, and poUerV. U is said that a. battle took place on this 
sp t about the year 1710, between the Caribs and Gallibis. — One of 
these Bpecimena is b the British Museum in Londtai, the other in 
the Garden of Plants in Paris. SvcUand'i Bridgsoniier TVeaiiae, Vol. 1. 
B. 104. Cuvier's 'l\eonj of Oie Earth, by Jrcmesem and MUdiell, p. 235, 
J- v™-!- iHis r^iwv/t rn^/»,r<r i,n tlw Revolvtions of the Surface of lie 



8. Vertical Range of Animals and Plants in the Strata. 

Descr. Not only did different species, genera, and families 
of animals commence their esisteiice at very different epochs in 
the earth's history, but some of them soon became extinct ; 
others continued longer, and some even to the present time. 

DescT. Species rarely extend from one formation into an- 
other; but genera frequently continue through several forma- 
tions ; and a few, even through the whole series of strata : and 
are still found among living animals and plants. Orders are 
still more extensive in their vertical range ; and all the great 
classes, as has been shown, extend through the whole 



many genera, I 



e limited to a 



:e formations, at length re-appea 

Eha. The fiilioming tables wiQ aive an 

lion of several orders and genera. PMllip^s 
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VERTICAL RANOl 



The following tabic exhibits the distribution of sevoral orders o( 
ZoophjtR ; their presenco being indicated by stars, and their absence bj 
planlcs. 
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Rem. I have placed Stelleridans 
-'■"- ^■-'-•~nd,(_Bndgewater TV.^.^ 
1 the authority of Prof. Ti 



_. . ._ the BaiiferoUB system on the authoiilj 
Treatise^ Vol. I. p. 4t6J anJ in the Silu- 
" " ■ * his Pifl/i Report on tht 



have a very litDited range downwards. 



Host..:[jvGoOgIf 



BRTICAL RANCIB < 





f 


Cl 


I 


1 


S 

i 


f 


1 
1 


1 


2 


Living Species, 


135 
10 


ISI 


G6 


45 


75 
89 
•2 


G7 
111 


87 
230 


112 
GG 


71 
156 


In Tertiary System. 


33 
3 


9 


In Cretaceous do. 


In OoUlic cio. 








— 


"^ 







In SaJiferous do. 








In Carboniferous do. 








In Graywaeko do. 









The following ^pner^ are lerv unequal ui their vcrdcil nnge One of 
ihem, the torcbn ula extends thrnuijh the ^hilt ■ieries of foriint ons and 
<till livea. 





O 


7 


"2 




1= 


' 


f 


1 


T 

f 


Living Species. 








15 


1 


1 






1 


In Tertiary Strata. 








18 




1 






3 


In Ctetaceons System. 








57 


13 


! 


13 


19 


7 


In Oolitic d... 






G 


49 


14 


IG 


17 


1 


17 


In SaliferouB da. 




7 


5 


14 


7 




8 




I 




1F. 


7G 


74 


44 




I 




i 




In Divonian. 


35 


14 


5U 


43 












In SUuidfln. 


I'A 


•A! 


ai> 


5U 













<K.-..:l,vG00gIf 



Oat of the muUiluile of Cephalopods, or chambereii abeHs, that s 
in the ancient seas, only two spedea liave coiitiiuied iu tlse present t 
Biay be seen by tlui following luble of their verlJcal range. 
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Palmontological CliarU 

In orJer to bring under the eye a eketch of the vertical rnngo of the i\:- 
ferent tribes of anunals and plants, that have appeared on the glolw from the 
earliest toes, the chart which faces the title jiage, bsa been constructed. 
The whole surfiice ia divided into seven strips, to represent Geological 
periods : vis, the lowest, the grajwaxjlte period ; the nes^ the carliOHifiTous 
period: the nest, the aaliferouB period: tho nent, tho oolitic perioil : tho 
next, the cretaceous period ; the neit, the tertiary period ; and the highest, 
the historic period, or that now passing. The animals and plants arc re- 
presented Inr two trees, havion a, basis M roots of ptimarj rocks, asid rising 
and eipanding through the diflerent periods, and shovjing tile commence- 
ment, dcvelopciiient, ramification, and in some cases the extinction, of tho 
most important tribes. The comparative abundance or paucity of the diC- 
ibreQt families, is shown by the greater ot less ^tace occujaed by Ibem upon 
the chart; although there can of course lie no great exactness in scch repre- 
sentations. The nuineroos short branches, exiubiled alona (he sides of the 
different families, are meant to designate the species, whicli almost uni 
Tersally liecaino all extinct at the conclusion of each period. Henre tho 
branches are contracted in passing from one period into another, and thei?, 
again expand, to show that the type i^ the genera and orders nlone survive. 
Where a tribe, after having been developed during one period, disappears 
entirely during the next or several aucceedin" periods, but at length rean. 
|iears ; a mete line is drawn across She space where it is wailine. 
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PAL^ONTOLOOICAL CHAllT. lO'J 

Wbile this cliRrt shows that all the great classes of animals and planti 
CziEteil from the CFirliest times, it will also show tlie gradual expansion ana 
increaHp of the more perfect fstoups. The vertebral animals, iut iiialance, 
commence with a few (jshesj whose number increases Upward but no 
traces of other animals of this class appear, UII we rise (□ the salifetouB 
group, when we meet with the tracks of chirotheria, tortoises, and bunls 
But not till we reach the oolitic perioJ, do we meet with the honps of tho 
mammalia ; and then only two species of marsupialia. No more of this 
class appear till we reach tha tertiary strata, where (hey are developed in 
great numbeFs, approaching nearer and nearer to the present races on the 
globe BB we ascend, antil, in the historic perind, the eilsting races, (en 

GRO^VN of the whole ; or as (he poet expresses it, " the diapason closes full 

In like manner if we look at that part of the chart which shows the de- 
v^opement of the vegetable world, we shdl see that in the lowest rocks, the 
flowering plants are very few, and consist mostly of conifers and cycaileie : 
links as it were, between the flowering and the fiowerless plants. It is not 
till we ascend to the tertiary period, mat the willows, elms, sycamores, and 
other species that ibnn the foresta of the temperate zone, appear. But lower 
down in the series, a Tew monocotyledonous plants are seen, such as lilies 
and palms; which, however, do not aeem to have been greatly multiplied 
till we reach the tertiary period. Still mam fully developed do we find tbem 
in the historic period; where 1000 species of wi/Ma, — the oiiowN of the 
veeotablo world, have been ftund. 

To leter to another example of a somewhat different character : take the 
saurian animals, which began to appear during the saliicrous period. In the 
next peried above, or the oalitic, tticir developement is very great ; ao that 
tiiey seem to have been the rulers of the animal creation. But above this 
period, they gradually decrease, until among existing animals all thdr re- 
presentatives, eseepl the crocodile and the alligator, are on a most diminn- 

A similar eiample among plants exists in the lycopodiaces^ ; which 
during the carboniferous p-erwid, formed trees from 40 to SO feet high. But 
above (bat period, they rarely appear; and their only remaining reptesen- 
(ativuG on earth al the present time, are obscure plants a few inches in 
heiirht. 

Much more information of this sort may be obtained by a &w moments 
inspection of this chart ; which will prevent the necessity of details. As 
this however is the first effort (hat has been mode to give such a representa- 
tion of the leading &cts in p;d(eontology, I shall expect that defects and im- 
perfections n4ll be discovered in it,' 

9. Comparison- of Fossil and Living Species. 

Prin. It 'is a moderate estimate to reckon the species of 
organic remains hitherto described in the rocks below the ter- 
tiary strftta, at 10,000. Yet scarcely none of this number hava 
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106 COJIPAIIISON OF FOSSIL AND LIVIKG ANlMAtS. 



thus far been identified with any now living on the globe. la 
many cases they differ even genericHlly. 

Rem. On another page of this Bcmtion I lia^o given approximat* fstimolei 
of tlie numbar of living and foBBll spedes liitlierto discovered on the globe. 
I add anotlier estimate, made by Prof. Charles B. Adams, aiid given in hia 
Sramd Anmial Report on the Geology qf Vermonl, p. 81. 

Living Sficcks. Fosal[ SpKUS. 



Fi3lie3 


SOOO 


Insects 


100.000 


Articulata 




MolluBca 


13,000 


Polypi 




Animdcuh 


800 


PUnts 


JOO.OOO 




930.100 



10.165 

Rem. The actual numbtr of species of animals on the globe is estimated 
by some authors as high as two millions ; and of plants, as high as 134,000, 
(Am. Jour. Sai. Vd, 1. Second Series, p. 133,) and Agaasii supposes the actual 
Dumbei of species of fossil lish in the rocks to bo 30,000. 

Prin. The deeper we descend into the earth, that is, the 
older the rock, the more unlike in general are its organic re- 
mains to existing species. As we -ascend, we find a nearer 
and nearer approximation lo existing species in each successive 
formation. 

Descr. In 1833, the number of shells in the tertiary strata, 
that had been discovered and described by M. Deshayes in 
Europe, amounted to 3036 : of these, 568 were identical with 
species found in our present seas. They were distributed how. 
ever, very unequally through the different groups of these 
strata, as follows. 

In tlie Eocene or oldest 
Group, 1238 species : Living analogues, 42 

In the Miocene, 1031 do da 176 

In the Pliocene, 777 do do 350 

LyeU's Ekm Geo! Vo! I p 281 

Prtn The organic lemains in the northein parts of the 
globe, coi respond more nearly to existing tiopical plants and 
animals than to those non Imng in the ^arae latitudes 
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TROPICAL OLMATE 107 

Proof. It is ivoil know that the Fauna and Flora of tropical 
Eegions are so different from those in higher latitudes as to 
strike every ohserver. New any one who is acquainted with 
these peculiar features of tropical organic life, even as they are 
exhibited in books, will he struck wifli their tesemblant ' ' 



organic remains in the fossiliferoiia strata. The following 
examples may serve for illustration ; beginning with the highest 
of the strata, viz, diluvium. 1. Along the shores of the Arctic 
Ocean in the banks of the great rivers, such as the Oby, the 
Yenesi, and the Lena, are found immense quantities of the 
bones of the extinct species of elephant called the mammoth. 
The region in which these remains occur, is almost as large as 
the whole of Europe. Now although the fact that these ani- 
mals were covered with hair, proves that the climate where 
they lived was colder than that where naked elephants now 
live, yet it must have been much warmer than the present tem- 
perature of Siberia, in order to produce vegetables for their 
sustenance. The rhinoceros found fossil in the same country 
confirms this conclusion. 2. The hones of extinct species of 
elephant, rhinoceros, hippopotamus, lion, tiger, hysena, &c. — 
genera confined almost exclusively within the tropics at this 
day, are found scattered through the diluvium of almost every 
part of Europe. 3. When shells are found in the tertiary 
strata in northern countries, identical ■with those in existing 
Beas, their analogues are almost universally found in tropical 
seas : and when the same species occurs in the Mediterranean, 
for instance, as is found fossil upon its shores, the latter is much 
larger than the former : and it is a well known fact that the 
same species in tropical regions attains a greater size than in 
colder climates. 4. The great size, both of the animals and 
plants found in the secondary strata, compared with that of 
living organic beings of a similar kind, shows a state of climate 
during their growth very favorable to their developement : such 
a climate, in fact, as exists in tropical countries. 5. The great 
number of chambered shells, sucn as ammonite, orthocera, &c. 
found in the secondary rocks, confirms this proposition, since 
the few representatives of these shells still found alive, occur ia 
warm latitudes. 6. But perhaps the most striking evidence of 
a warm climate, during the deposition of the secondary rocks, 
exists in the fossil flora of the coal formation. This is filled 
with gigantic plants of genera mostly found within the tropics, 
such as equiseta, lycopodiacere, tree ferns, palms, &c. : and a 
person who is familiar with these remains, is struck, on going 
to a tropical country, with their resemblance to the vegetation 
wound him : as he is with their want of resemblance to tha 
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flora of tigh latitudes. These tropical plants have been found 
in the rocks around Baffin's Bay, and even as far north as Mel- 
ville Island, in 75° north latitude. 7. Numerous organic re- 
mains ill the secondary rocks even i« the oldest fossiliferoua 
strata, appear to have once constituted coral reefs, such as aref 
now found only in tropical seas. Such relies as these, also, 
have been found 'in the rocks of Melvffle Island. 

flerit. 1. Agassii, Ljell, and Smith of Jordan HiH, seem to Iiave proTaJ 
that the climate of northern fogiona, inimediatelj preceding llio allnTial 
period, was loner than tl is at present : and it is the ofanion of Agassiz, that. 
t, similar fall of temperature took place near theciose of each great ^oiogical 
period. But admittmg all this to be trae, it cannot affect the preceiling argn- 



_ B (fe London Geological Society iji 
History fi)T Filmiarg, 1811. 

Rem. 2. Those deioled to fossil botany e&y that (he land plaDts tbaiid in 
the older strata, coireffliond more nearly with those now growing npon the 
low islands of lie Pacific Ocean, l>etweeQ the trofMcs; and hence they infer 
that when these tiourished, (ho knd Was hot liltle elevated above the waters ; 
and that ihe climate was constantly very warm and iiiMSt. Afner, Jour. Sa. 
Frf, 34,p. 32.1. 

Priii. It is probable that durins the deposition of the oldei: 
fossiJiferous rocks, the chniate was ultra-tropical; that is, warmer 
present exists on the globes 



han at ptes 



Tropical species of equiseta, lycopodiaceie, tree ferns, 
e much larger than those found growing without the tto- 

Eics. But those found fossil are much larger than finy now 
ving. Equiseta, for instance, in the ancient v.'orld, were some- 
time.? 10 feet high ; tree ferns, from 40 to 50 feet, and arbore- 
scent lycopodiaeeiE, 60 or 70 feet high. Recent equiseta are 
rarely mote than half an inch In diameter ; whereas the ibssil 
calamites, a very similar plant, is sometimes 7 and even - 14 
inches in diameter, and no living lycopodiacefe are more than 
3 feet high. This extraordinary dev elopement, which is found 
also in otlier species of plants and animals, can be explained 
only by a higher temperature : though Adolphe Bronguiart 
suggests that in those early times, when perhaps no land aai- 
mais existed, the atmosphere might have been more highly 
charged with carbonic acid than at present, Hisloire dcsvege- 
faux fossiles, par M. Adolphe Brangniart : id lAvraison. ''. 
113. BmUm^sBridgewateT Treatise, Val I. p. 450. PhilUpSi 
Bdinhv/Tgh Treatise on Geology, f. \ !& 

Prin. The temperature of the climate seems to have gradu 
dly sunk during the successive deposition of the ditferen 
-roups of fossilifcrous rocls?. 
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HATE. lOS 

Proof. While the whole number of species of ferns, now 
growing npon the globe, is 1500; only 144 are found in the 
northern, temperate, and frigid zones ; and 140 in tlie southern, 
frigid, and temperate zones ; while the remaining 1200 are found 
within the tropics. Now the number of fossil fefns diminishes 
in nearly the same ratio, in ascending from the oldest secondary 
rocks, as it does in going north or south from the equator. 
Hence it is inferred that a similar decrease of temperature is 
in both eases the cause. S. This is the most rational mode of 
explaining the gradual approach of organic remains to existing 
species, as we come near the surface ; so that during the terti- 
ary periods the climate could not have been much difierent from 
that around the Mediterranean, Buckland's Bridgeumter Trea- 
tise, Vol. I. p. 471. 3. If the former high temperature of the 
globe be admitted, we should expect this gradual reduction of 
temperature by radiation. Phillips's Edin. Treatise on Geo- 



10. Description of individual c 
ganic Rei, 



i peculiar Species of Or' 



Descr. The number of fossil plants hitherto described, ac- 
cording to Professor Unger, in his Synopsis Plantartim Fossilu 
um, amounts to 1643 ; which are thus distributed in the several 
classes of Endlicher. Am. Jour. Set., Vol 2, Second Series, 

p. ise. 
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Alg^e or Sea Weedi 

DescT Existing submaime vegetation amounting fo more 
than 500 '.pecies may be inanRed in thiee dn s ons , depen. 
(lent for their chaiactera upon climate the first gK>up occupy- 
ing the fugid the second the temperate and the thud the torrid 
zone. A similai distribution of the fossil marine plants will 
bring all tho&e below the top of the new led sandi-tone into the 
class of tropical plants , while thoie higher m the series, ap- 
proximate more and more to those now existing on the elobe. 
Adolpke Brongntarli Histoire des Vegetaui: Fosshs, Ltvrai- 
son, 1 p 41 

Descr. In the lowest rooks most of the plants are marino 
Fig. 39, represents a species of fucoides. 



Fig. 38. 
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FERNS AND CLUB MOSSES. Ill 

Musci and Filices : or Mosses and Ferns. 

Descr. On account of (heir delicate structure, mosses are 
rarely preserved in the rocks. But ferns are verj' abundant ; 
especially in the more ancieat strata, where they are found of 
a sizo at least equal to those now growing in the torrid zone, 
which are often from 40 to 50 feet high. Fig. 39, is a sketch 
of some of these tree ferns, now growing in tropical climates. 




Descr Europe at the present tnne does not contain more 
than 30 or 40 species of ferns, and these of diminutue size ; 
whereas mere than 200 species haie been found m the coal 
formation of the same quarter of the globe Adclpkp Brong- 
niart m Amentan Jouinal of S-.jence, Vol 34. p. 319. 

Lycopodiaceiz, oi Club Mosses. 

Descr The Lycopodmceo' are a tube of plants intermediate 
between ferns anc! c^nifera, on the one hand, and ferns and 
mosses on the other Lindhy's Natural System of Botany, 
p. 31S 

Lepidode«dimi This fossil \)lant approximates in its char- 
acter to the lycopodiaceEB oi lather, it seems to be interme- 
diate between the club moss tribe, and the ooniferte or pine 
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112 >,EPIDODEKDR0K. 

tribe. It is abundant in the coal formation, where it is soirn 
times found from 20 to 45 feet long j and M. Ad. Brongnia 
has described 34 species. The genus is wholly extiiiol. Fi; 
<E0, will convey some idea of these plants. 



Fig. 40. 



-^ 



rhe lepidoilefiJra fill up a 
tJiB csisling series of plants, 
owering un3 flowerlessjilanta, 
n any living geniis. Similar 
„ \iJ^ thB existing otgaoization are 

ther citinct genera of organic 
landley and Hiiifon'i Fossil 
. 3, p, &3. 



Eqrdselacea. 

Dcic Lning plants of thia 
be a e called hirsfiaHs, cat- 
atJs s ourmg rashes, &c. ; and 
Ithougb of fiequent occurrence 
n all climates (the most frequent 
in the temperate zones) they are 
of dimmuti\e siz^, even in the 
tornd zone, compared to those 
found fosiai! The latter are di- 
vided into two genera, Eqvisetum 
ind Caiamifes the former cor. 
re^iponding very nearly to living 
t qmseta, but the latter differing 
1 good deal in stiucture and size ; 
\ emg much laiger than the equi- 
=eta Fig 41 is a ealamitea des. 
titute of leavcb 



rig 41 




Host..:[jvGoOgIf 



CYDADE^. 1 18 

Descr. The CycadeEe are a remarkable family of plants, 
occupying an intermediate place between palms, ferns, aad 
coiiiferse ; filling up an important link between diclyledonous, 
monocotyledomus, and acotyledonous vegetation. Only two 
genera and 32 species are known as now living upon the globe. 
But during tbe depcsition of the rocks above the coal, they 
formed a large part of the vegetation. For out of 70 species 
of land plants found fossil, during this period, 39 species are 
cycadeffi, referable to 4 genera. They have lately been found 
also in the coal formation. The living species mostly grow in 
tropical climates. Fig. 43, represents a living species of these 

Fiff. 43, 




De.icr. Large trunks of trees, from half a foot to three teel 
in diameter, and from TjO to 60 feet long, covered with fiulings 
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114 SISILLARIA. 

and scars, have long been known in the coal formation unde. 
the name of Sigillaria, from the resemblance of the scars t< 
the impression of a seal. It was not till recently that geolo 
gists have been able to refer these trunks to any known femiij 
of vegetables. They now suppose them to have been exogen- 
ous plants and gymnosperma; but like the zamia above des- 
cribed, combining also the vascular system of ferns and lyco- 
podiaceffi. And they probably, also, were a principal source 
of the beds of coal in the coal measures. Fig 43 exhibits oiii* 
of these Sigillaria. 




DescT. AnotliPi fjssil pKit '^lill i r cmirm m tic 
" underelay" beneath the coal bed^ is calle 1 'itigmana II 
consists {Fig. 44) of a dome shaped centie thiee oi four feei 
in diameter, from n hich proceed branches 30 oi 40 feet lon^ 
covered with tubercles, or rootlets These Sligm^iiEB were pro 
bably the roots of the Sigillaria ; although till recently they 
have been thought to be dome shaped aquatic plaots. 
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Descr. '^evoril oiher extinct genera with scars Mtnilar to 
those on the Sigillaria occur in the same rocks and are pro- 
bably ComferEe Fig 45 sho«s a paition of one i,al!ed JJlo 
dendron, 

FiJ 4-1 



4^3^:^ 
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116 CONIFEROirS PLANTS. 

Descr. Another remarkable and beautifui tribe of plant 
not unfrequent in the coal formation, has whorled leaves iili 
the flower of the Aster : hence one genus is called Asterophy 
lites. Fig. 46 shows one of these from the coal mine In Mam 
field, Massachusetts. 




Ct ujirir and Cinadca: 
Descr. CjmfeiBS and Gycadeie are the onlj t«o ftiinlu^ of 
fossil plants nhose seeds are ongmallj naked Hence thej are 
called Gymnospermoua Plianeiogamuz The conifere under 
the name of pmes arauoanas &c constitute a large and tm 
portant part of the existmg tiees of all climates and they 
occur in the rocks of i\l ages More than 20 species have 
been found m the tertiaiv strata IS species in the oolite and 
!ias, 4 (of \oltzia) in the new led sandstone and sescial in the 
carbonifeious foimation Mr Witham hai figured the trunk 
of an araucatia 47 feet long from Cragleith quarry in the enr 
boniferous limestone near Edinburgh Witham s description 
of a Fossil Tree ^c Edinburgh 1833 Araucanas are found 
fossil in Gieat Britain alone but genuine pmes occur in the 
coal formation m No^a Scotia and New HjUand Ihe four 
living species of aiiucaiia thit have been described occur id 
tropical climates south of the equator 
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Deser. Somfstimes the trunks of those giganlic trees, aa 
rell as of some of the other plants that have been described, 
ire found standing erect, rarely in the very place where they 
;rew ; but generally they appear to have been transported, and 
o have assumed an upright position by the greater specific 
gravity of the roots. Fig, 47 shows the stumps of an ancient 
roreat of coniferie, with the roots imbedded in the black vegeta- 
ble mould in which they grew ; the whole being now converted 
into stone. The section was taken in the Isle of Portland, Eng, 

Fig. 47. 




\1 Zv- 



V 



' ku- '--- 



ityledonous plants, as well as 
es, such as fungi, and mosses, 
I the earlier periods of geolo. 
s of these plants found fossil 



Pnn. It IS probable that die 
the frailer kinds of flowerless oi 
may have been more abundant i 
gical history, than the specimei 
would lead us to infer. 

Proof. Most organic remains 11 
ter, or at least in wet sand, or mm 
immersed in a tank of fresh wat 
for more than two years, arrives at the following conclusions. 

" 1. That the leaves and bark of most dicotyledonous plants 
are wholly decomposed in two years, and that of those which 
do resist it, the greater part are Coniferse and CycadEe." 

"2. That Monocotyledons are more capable of resisting the 
action of waler, particularly Palms and Scitamineous plants ; 
but that grasses and sedges perish.'' 

" 3. That Fungi, Mo ' ' 

lation disappear," 

" 4. That Ferns have a great powei 



St have been preserved in wa- 

Now Prof. Lindley, liaviag 

r 177 species of living plants 



11 the lowest form 
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a green, state, not one of those submitted to the experiment hav 
ing disappeared ; but that their fructification perislied." Bwck 
lantl's Bridg&waier Treatise, Vol. l. p. 480, 

Hem. I . It is inteFesting to observe that bj this experiment those planti 
' ' ' r, which we find most abundant in a fossil st ' 



circumstanceB prevent us from inferring vpilh certainty that all tht 
"' '' '■ """' lonouB speoiea perished in the process of ] ' ''' 
experiment bad been maile witli these p 



frail and the dicotyledonous species perished in (be process of petrilaC' 

'" "~ " """ "' bad been made witli these pla '" '~ 

IT salt mud, these results 



have been Bomewhal modified, and probably in nearly every case where 
plants are carrieil to the bottain of water, they are covered by mud in a 
ahorter time tliau two yeus ; and most of (hose preserved in (he rocks were 
fossilizecl beneath salt water. Other substances, as iron, or lime, in solution 
in the water, might esaenliallj modify the experiment. After all, howevefj 
the experiment does show us that we must not place too much dependence 
on the relative numbers of different classes of fossil plants, as hitncrta dis- 
covered. 

Rem. 2. Other peculiar and interesting plants occur in a fessil state ; ns 
the pandanes, palms, &c,, but the limits of this treatise do not permit their 

Rem. 3. The great size of many fossil piants and the vast 
accumulations of carbonaceous matter in the coal formation 
lender it probable that the vegetation of the early periods of 
the globe was far more abundant than at the present day. Yet 
as the frees were mostly without flowers, and unenlivened by 
the presence and voices of any vertebral animals, the landscape 
must have presented a very imitbrm and sombre though im- 
posing aspect : better adapted to a state of preparation for the 
higher orders of animals, than for their actual existence : better 
adapted to prepare fuel for man, than for his happy dwelling. 

Rem, 4. A recent discovery has enabled geologists lo ascertain with 
Ereater certainty and ease than before, the nature of fossil plunts. The dif- 
ferent lamiliea of livin« plants arc dislingoished not merely by eilernal 
characters, which mostly disappeBT when petrified, but by a corresponding 
anatomical striiclurc ; chietly by the form of the minute vessels, of which 
they are composed. Now it is found that these vessels tftain their form 
when petrified. Hence by cutting a fragment of fossil wood very thin, and 
polishing it, a microscope will show these vessels, and thus enable the en- 

Suirer to determine the nature of the plant. For this discovery we are in- 
eblei! lo Mr. Witham, who has given directions for prep.irinir fossil wood 



Deser. This extensive division of animals are the iuost simpli 
of any in their organization, and the most removed from com 
Bion observation in general. They axe distinguished by thei 



Host..:[jvGoOgIf 



radiated structure : though in some of the first order, tha 
Ectinodcrmata, it has been lately shown that they pusses 
somewhat of a " bilateral symmetry," like the higher orders of 
mimals. The whole class are frequently denominated zoophyles. 
Descr. The number of zoophytes in a fossil state i^ very 
large ; and, in almost every case, they differ specifically, and 
frequently generically, from existing species. I shall notice 
those chiefly that are most unlike such as now live on tlie 



Crlnoideans. or EncriniUs. 

Descr. These animals have long attracted attention from 
their peculiar structure and the immense quantity of their re- 
mains in some limestones called entrochal or e^icrinal marble. 
They belong to the first order of Eadiata, or the Echinodermata. 
They are exceedingly rare among living animals, but two 
species, the Pent&crinus capid Medimaiz, and the Comatula 
finihriata,, that have been discovered in the ocean, have thrown 
much light upon those that are fossil. Mr, MiHer, who has 
written an exceOent work, entitled Ihe Natural HUlory of the 
Criaoidea, has divided them into nine genera. The two genera 
that have attracted most attention, are the Encriniles monili- 
formis, or lily emrinitp., or stone, lily, and the PQntacrinv.s 
Bri/ireus. The former consists of a vast number of little joints, 
or bones, forming a column, (which maybe called the vertebral 
column, although these animals are invertebral,) for the support 
of a cup-like body, containing the viscera, and from whose mar- 
gin proceed five articulated arms, dividing into tentaculated 
fingers, more or less numerous, surrounding the mouth. The 
animal was fixed at the bottom of the ocean, or to a piece of 
wood, and merely moved as far as it could reach by bending its 
very flexible column, which was admirably fitted for this pur- 
pose. The number of little bones, or joints, composing the head 
alone of this species, is estimated at 25,000, 1 liese hones are 
perforated and are used sometimes for rosaries. This animal 
relic is -^hown in Fig. 43. 
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Dtstr. The stfim of the encrinite is circuliiv, but that of 
pcntacriniti, pentagonal. The latter, also, had iianally a great«J! 
number of side aims and of joints. One of the most remarka- 
ble of them was the briareati ■peniacrinite. {Pentacrinus Bria- 
reus) so called on account of the great number of its hands or 
tentacula. The bones in its fingers and tentacula, amount at 
least to 100.000 ; and those of the side arms, to at least 50.000 
more. And since each bone must have had two set of muscular 
fibres for contraction and expansion, the bundles of muscular 
fibres in the whole animal must have been as many as 300.000. 
This vastly exceeds the mascnlar apparatus in any other animal. 
"What a contrast to man, whose bones are only 241, with 232 
pairs of muscles ! 

Fig, 49, shows another genus of this family, the apiBcr.w,Us or peaa^ ena 
■ile. It is represented aa restored, and situated as if iu the water. 
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Fi«. 49. 




Pobjparia^ or Corah. 

DescT Pnlypi Poli/pifers, or P' It/pai la ate those minuto 
Eftdiated aniniBls that have the power oi seLreting carhonate 
Fig >0 of hmo and thus of building up 

large stonj strnctureq from the hot 
torn to the surtace of the oceaa 
a They swarm m immense nurabera 
' in the seas of tropical climates, and 
fonn coral reefs which aometimee ex 
tend hundreds of miles. They seem 
to have existed in all ages, and to 
haip firmed similar deposits, which 
are now ranked among the lime- 
•itmes Figs. 50, 51, and 52, show- 
several living species of these ani- 
mals IS they are attached to theil 
jftony habitations. 

11 




Host..:[jvGoOgIf 



Fig. 51. 




fleser. The tentacul i of these animals are pioiided with 
cilia or minute hairs on their margins which are capable of 
being rapid-h moved, so ai to keep currents of water m motion, 
that food may he con'^ ej ed to their mouths Immense mimhers 
of the polyparia unite m building up a single habitation, and 
they do this as if influenced by one instinct : so that the struc- 
ture rises with the most symmetrical proportions. Hence it is 
stiD a question, whether all the animals upon each structure are 
not to be regarded rather as one compound animal. In the 
Tlustra carbasea each polype has usually 22 tentacula; and on 
these. 2200 cilia. An ordinary specimen of this species will 
eont^ 18.000 polypi; and of consequence, 396.000 tentacula, 
and 39.500,000 cilia. On the F!vMra foUacea, Dr. Grant esti- 
mates 400.000,000 cilia. Rogers Bridgewater Treatise. Vol. 
1. p. 122 

Descr These polyparia mostly multiply by buds, called 
gemmules, which grow like the buds of plants from the parent, 
and after a tims fall off and become distinct animals. A single 
polype in this mode may produce a miUioa of young in a 
month. They may also be multiplied by division, when each 
separate part becomes in a short time a whole animal. Dif- 
ferent parts may also be made to grow together, and monsters 
of every form be produced. The Hydra is one of the genera 
of polypi ; and by taking the heads of several individuals, and 
grafting them to one body, a Hydra with seven, or any other 
number of heads, may be produced. 
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LIVING INFUSORIA. 123 

Descr. Small as these animals aie, they have nevertheless 
effected important geological changes on the glohe ; for some 
of the most extensive rock formations appear to have resulted 
from their labors. But the next tribe of animals, which ia to 
be described, furnishes still more striking evidence how power- 
ful an agency the minutest of all beings are able to esert upon 



I.fu^oria. 

Descr. These animalg are not ifisrprnible vith a few es 
ceptions, but by poiverful microscopes and a.i they usually 
occur in some sort of infusion, they have been called Infusoria, 
thougJi they generally go by the name of animalcula The 
recent astonishing discoveries of Ehrenberg, a Prussian natu 
ralist, have given a new aspect to this department ot animated 
nature, even in a geological point of view He has described 
722 living species, which swarm almost oieijnhere e^en in 
the fluids of living and healthy animals m countless numbeis 

Descr. FormerJy they were thought ta bo the niiit simple 
of all animals in their organization: to bo in fact little more 
than mare particles of matter endowed with iitalit) , but ho 
has discovered in them mouths, teeth, stoniaciis, muscles, nerves, 
glands, eyes, and organs of reproduction. Some of the smallest 
animalcula are not more than the 24.000th of an inch in diame- 
ter ; and the thickness of the skin of their stomachs, not more 
than the 50.000.000th part of an inch. In their mode of repro- 
duction they are viviparous, oviparous, and gemmiparous. An 
individual of the Hydat'ma. santa increased in ten days to 
1.000.000: on the eleventh day, to 4.000 000 ; and on the 
twelfth day, to 16 000.000. In another ease Ehrenberg sajs 
that one individual is capable of becoming in 4 days, 170 bil- 
lions ! Am. Journal of Science, Vol. 35. p. 372. 

Descr. Leuwenhoeck calculated that 1. 000.000.000 animal- 
cula, such as occur in common water, would not altogether make 
a mass so large as a grain of sand ; Ehrenberg estimates that 
500.000.000 of them do actually sometimes exist in a single 
drop of water, 

Dpscr. In the Alps there is sometimes found a snow of a 
red color ; and it has been recently ascertained by M. Shuttle- 
worth, that the coloring matter is composed chiefly of infusoria, 
with some plants of the tribe of Algae. And what is most 
singular, is, that when the snow has been melted for a short 
time, so as to become a little warmer than the freezing point, 
the animals die, because they eannoi endure so much heal! Bi- 
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Molhe^e Universelle de Geneve, for February, 1640 ; as qnotej 
in Eludes sur les Glaciers, par Agassiz, p. 62. Neuchatel, 1840, 
A specimen of meteoric paper, which fell from the sky inCour. 
land in 16S6j has heen examined by Ehrenberg, and found to 
consist, like the red snow, of Conferva and Infusoria. Of the latter 
he found 29 species. Ann, and Mag. Nat. Jiist. No. 16, p. 185. 
Descr. Surprising as these facts are, it will perhaps seem 
fitiU more incredible, that the skeletons of these animals should 
be found in a fossil state, and actually constitute nearly the 
whole mass of soils and rocks several feet in thickness, and ex- 
tending over areas of many acres. Yet this too has been ascer- 
tained by the same acute Prussian naturalist. The following 
formations, he says, arc of this description. 

1. Bog Iron Oohre. ) 

2. Kieselguhr, a siliceous incrustation, fj"om \ Alluvial. 

hot springs. 1 

3. Poller schiefer. Polishing Slate, a variety j 

of Tripoli, or rotten stone. > Tertiary. 

4. The Semi-opal of the Polierscheifer. J 
Probably of) 5, Semi-opal of the Doierite, i Secondary, 

the same \ 6. Precious Opal of the Porphyry, V and 

nature. ) 7. Flint of the Chalk. 1 Primary. 

Descr. Some of the above substance* occur in large quan- 
tity. The polishing slate, for example, at Bilin in Germany, 
forms a bed 14 feet thick, and the eatable infusoria! earth near 
Lunebourg, a bed above 20 feaf thick. Yet it would take 
41.000 millions of these skeletons to make a cubic inch ; their 
weight being only 230 gnains ! A single shield or skeleton 
weighs about the 187 millionth part of a grain ! 

Descr, Professor Bailey calculates that a cubic inch of the 
infusorial deposit from Maidstone in Vermont, (composed mainly 
of the minute Gailhonella vanans) contains 15.625.000.000 
skeielons ! Adams s Second Annual Report on the Geology of 
Vermont, p. 152 

Descr. The ch-»lk of northern Europe is more than half 
inorganic matter the rest annnalcula Forty species are found 
in it. Dr. Buckland as quoted in the Edhiburgh New Philos. 
Joum. Jan. to April 1841 p 441 

Descr. The animalcula differ from all other animals, in hav- 
ing their softer parts protected by a shield, or skeleton, which 
may consist either of silica, lime, or oxide of iron. These 
shields, of course, will not be altered by the strongest heat ; and 
although some of the rooks above named have been subject to 
neat, the skeletons often remain very entire, and their oi^anio 
structure is very obvious through a powerful glass, 



Host..:[jvGoOgIf 



FOSSIL INFUSORIA. 125 

DtKT. In Kew England und New York, the siliceous miiri (Bergmtid, 
m JMounlain meal,') nlreidy dfscrjt^tl aa occurring beneath peat in BWamps, 
has been recently shown by Prof. J. W. Bailey, of West Point, to bo iilmoBt 
entirely made upof the fossil skeletons ofinfusofia belonging lo the &niiiy of 
BadllariK: aoioe of which appear to be identical with those Ibuiid by Ehren- 
ber^Jn GSermacy. Fig. 53 snows a group of these tossil Bkelctona, sketched 
by Prof. Bailey, aH they appear when dilTused in water, under the microscope. 
American Jmimoitf Science, Vol.Sb.p. 118. Deposits of this siliceous marl are 
very common in MassachuEetla ; and all hitherto eiaminec], contain vast num- 
bers of these relics ; indeed, they conslitute nearly the whole of the deposits. 
I have ejtamincil apeoimens from Spencer, Pelham, Bane, Manchester, Filch- 
bnrg, Wrenthun, North Brdgcnater and Audocer Professor Bailey has 
given a detailed account of the spec es Icon tl eao localities, with drawings, in 
axv Final Report on the G-elo^ fMassachusstIc Vd U p.310. 




Descr. Of 80 speciea of fossil infusoria discovered by Eliren- 
berg, nearly onR half belong to extinct species. Those in the 
recent strata are all fresh water animals ; but those in the chalk 
are marine. Loudon and Edinburgh PfiilosopMcal Magazine, 
for May, 1839, p. 217. 

Descr. " The fossil animalcule from iron ochre is only the 
one twenty-first part of the thickness of a human hair ; and one 
cubic inch of this ochre must contain one billion of the skeletons 
of living beings." Wonders of Geology, Yol. 2. p. 689. 

Descr. The ferruginous scum that appears upon the water 
of some springs, as well as the red deposit at their bottom, is 
composed partly of the remains of animaloulEe, and parlly of 
inorganic oxide of iron. Edinburgh New Philos. Journ. Jan. 
to April, 1841, p. 441. 

11* 
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Descr. The animals of this class are distinguished by Iibt 
ing BDvelopes connected by annulated plates or rings. 

JS.mm. The earth worm, blood eucker, lobster, crab, horss shoe, spidery 
scorpions, insects. 

Rem. Eicepting the insects, of which more than lOO.OOO living speciea 
are slreocly known, the animals of this class are not niuneroiid ; and but few 
of U« tribes are Ibund in the rocks. 

Insects. 
Descr. Until recently, no insects had been discovered lowei 
in the rocks than the oolite ; but two species of Coleoptera, 
and one of Corydalis, have of late been disinterred in the coal 
formation. Buckland's Bridgewater Treatise, Vol. 1. p. 409. 
Not less than 25 species oecui in the oolite, several in the 
Wealden, and 244 species in a fresh water formation of the ter- 
tiary group. Bronris Lethcea Geognostica, p. 81 1. Annals and 
Mag. Nat. Bisl. Feb. 1841, p. 49j. 

Rciit. If there ia amy probability that insects were numerous in early 
times, and no sufficient reasjn can be given to show ihnt they were not, it 
may seem strange that their remains so rarely occur. But in the first piece, 
a large part of these animals are too frail to be preserved in a fossil state. 
Secondly, only one or two species of insects are Ibond in salt water, which is 
IJIB ptiucipal medinm by which organic remains have been preseTYed; and 
thirdly, they are so li^ht as to sink with difficulty in the waters, while a 
great niiml»r of insectivorous animals are watching to devour them, as tliey 
float along on the surface. 

Arachnidans, or Spiders and Scorpions. 

Descr. The scorpion has recently been found in the coal 
formation in Bohemia, hy Coimt Sternberg; and is the first 
esample of this animal in a fossil state. Spiders have not been 
found lower than the oolitic series, where only two species are 
recognized ; but in the fresh water tertiary several speciea 

Crv,sfaceans. 

Descr. Crustaceotis animals are not common in the rocks : 
yet the liing Crab (Llmwlus,) so abundant on the coast of New 
England, has been found in the coal formation, and also in the 
oolite, where otlier animals of this family occur. But the mos' 
remarkable animal of this class is extinct, viz. 
The Tnlobiie. 

Descr. This singular animal, which is found in the older 
fojsiliferous rocks, in all the nortbern parts of Europe, ill North 
and South America, and at the Cape of Good Hope, was long 
confounded with insects, But it was at length ascertained thai 
'■ ' ' :t nearly to the living genera of crustaceans 
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TRILOBITES, 137 

the Serolig, Limulus, and Branchipua Figs, 34, and 55, re- 
present two genera of trilobites,Dutof theraanygeneraand224 
Bpecies that are known. It will be eeen that tliis animal is com- 
posed of a shield covering the anterior part of the body, while 
the abdomen has numerous segments which fold over one another 
like those on a lobster's tail. By this ananeenient some of the 
s had the power to roll themselves «p like the wood louse, 



s against e 
inches long, 
! lobes ; and 
;itute of an- 
Jiswered the 



armadillo, and ihua of defending theiaseli 
mies. These animals are usually from one to s! 
and are divided by longitudinal furrows into thn 
hence their name. They seem to have been de 
tennse, and their legs, which were soft, and which 
purpose of legs and wings, have disappeared. 
Descr, By fat the largest trilobite yet described, is the Isotdxis maximt/s. 
!_ __ 1 ^ J 1.J, Pfofg55OT Locke, in the SbcddiI Annual Re- 
Hate, p. 34S. lis entire lengihislSliachesI 



Fig. 54 



found in Ohio, a 




^* i <i'.:-ifi> 



I % 

'■%! 
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12S EiES Oi' TRILOBITRS. 

Descr. Trilobites abounded among the earliei inhabitants 
of the globe, beinff most common in the graywacke. A few 
species occur in the carbon ifeKous strata; above which, not a 
trace of them has been discovered. In the carboniferous strata 
they are accompanied by the Limulus. This latter also occurs 
in. the oolitic group, with other crustaceans of a higher order, 

Descr. Perhaps the most curious fact respactiiig the trilo- 
bites, is the discovery of their eyes, which are sometimes per 
fectly preserred. It is well known that the eyes of crustaceoua 
aniraaU, like those of insects, are miide up of a vast number of 
facets, or lenses, placed at the end of tubes, which are arranged 
side by side, so as to produce a radiating mass of eyes, which 
being generally of a hemispherical or conical form, and some- 
times elevated from the head on a stem, enable the animal to sea 
in every direction ; although their eyes have no motion. In 
Bome insects the number (A these lenses in both eyes, as in the 
house fly, is 14.000 : in other cases, (the dragon fly.) 25.000: ia 
others, (the butterfly,) 35.000 : in others {the Mordella.J 50.000. 
But in the trilobite they amount only to about SOO. The whole 
mass is of a conical shape as is shown in Fig. u&. 

Fig. 5G. 



3. 5I0LLUSCA. 

2>e..(r. The Molluscous animals eomposa tlie third greaJ 
division of ihose thalure invertebrsi, reckoning from the ionst to 
Ihe moat complex. This division embraces those animals that ar* 
destitute of a spina! marrow, or articulated skeleton ; but whose 
muscles are attached to n calcareous covering, called a phelf; 
or to a soft skin externally, and to a hard body within, analo- 
gous to shells. They are most abundantly diffused among liv- 
ing animals ; and the great number of their remains in the 
rocks, proves, either that they were more numerous than other 
irly times, oc that they were niore readily pre- 



e must call in both ci 
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Rrm~ The flKn«nc« that describes molluscaUE anima.k iacslkd -xiiidiol'gy . 
wid from this science geoJtey derives the greatest aid. Even its fundaroentiJ 
principles eannut be clescitbed in this treatise : nor, indeed, but a few of ths 
vast number of shells that are found in a fiissil state. Some of the most re- 
marltable will be selected. 



Chambered Shells. 

Desr,r. These are univalve shells, which are divided into 
numerous compartments, or ctamhers, by cross partitions j bs is 
shown in Fig. 57, which is a section of the common NatitiliM 
pompilius. These partitions are all perforated hy what is called 
the siphu/icle, which consists mostly of a membrane^ having the 
form of a tube, and being so iirmly fastened to the partitions 
that no air can pass by into the chambers. The animal resides 
in the outer chamber, and is connected with the others only by 
the sipbuncle 4roiind the hpart of the animal is a sac, whiA 
mtj contain fluid enough to fill the siphuacle INow the object 
ot this structure is to emule the animal to rise or etnk at jdea- 
vnrs in the naler When th =ae onund the heart is filled 
«ith fluid the siphiincL is empti -nd the air in the posterior 
chambers expands so is to cause ho shell to rise ind float in 
tht. nater but when the animal withdraws its arms into the 
shell the Suid in the sac is compressed and forced into the 
Eiphuncle which condenses the air and thus the animal is made 
heavier than the water and 'iinlis In short he rises and sinks 
Ui exactly the same manner as a ^ ate I Uoo 



Fig. S7. 




T?em. Alihtiu^h the nauliiiis has attracti'd great alleiitinn from the earliesl 
tiTncB, it is onlv within two ot three years that Dr. Buckland fust discovered 
the true explanation of the manner in whieti it could rise or sink at pleasure 
in tile water. Brii'geKaler 'lYiaUse, Vol. 1. p. 325. Mr. Owen, however, 
dotibta the ctKrectness of this eiplanatiim. 
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Animonites. 

De.^cr. With the exception of one or two species of nautilus 
sU the larger species of multilocular or chambered sLc!!a have 
disappeared from the earth, although iii early times they were 
verj nuBieroua and widely diffused and often of enormous size 
Thej resembled the nautilu*) va general form and ';lr\ic ture al 
though geneneiilj diilerent and the^ aie •■jioetinies found 
more than foui feet 111 diametei Fi^s )^ i ) lejjiesent twj 
species ot ammonites 

Fig j^ 




'4fcAk^^ 




''^•^<ii^#^ 



Details Btocha-i( enu n rates 370 species of luninoiiilei Phillips n 
nana 2~4 which he distrihutca aa followa In gruVTunckB 17 in the 
bonilcrous ajstem 33 in the salireiaiis system i in the oolitic ajstc m I 
n thi, crctnceoua 'jateni 5"" in the terliarji«trati 0' T eatis' o\ GiiA 






is well iscertained that 
'ea, the shell is contained within the j 
JPeroidi, Fig GO 
several extinct ira 
Hamite, Scaphife linrilitc Nummtihte and Belemnit; 



chambered teata- 
the Spiruls 
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QSLEMKli'B. 131 

OTthoceratite. 

DescT. As its name implies, this was a straight shell divided 
by transverse septa into chambers, of which nearly 70 have 
sometimes been counted. It has bean found a yard, in length, 
and half a foot in diameter ; forming afloat, which would have 
been sutHRient for an animd far larger than any existing cepha- 
lopod. Fig. 61, shows the shell of an orthocera with one of 




I>if. The gredl swe of thfsc shells as uell as of the ammon- 
ites, confirms the viewR alieadj presented of the existence of a 
very warm climate when they were alive in northern seas. 

Rem. Kot less than 20 spedes of orlhoceratite are founii in the gray- 
■vacke, and 28 in the carboniferous grou|i. They bare not been found in 
any later rf ck. 

Behm'iiite, 

Descr. This internal shell resembled a conical arrow, with a 
cavity of similar shape, in which was a thin horny sheath, and 
within this, a thin conical chambered shell, or alveolws. It was 

Srovided, also, with an ink bag, like the living Sepia, or cuttle 
sh, as a defence against enemies, or rather, as a means of mak- 
ing good its retreat. These shells are found only in the oolite 
and the chalk, and 83 species have been described. 

Fig. 63, shows an imaginary restoration of the Belemnosepia, as made by 
Dr Bucklaiid, (Bridgm-aier Treatise, Vot. 2. pMe 44. Jig. 1.) exhibiting llw 
Ksiniiit with tbe internal shell anil ink \ias 
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Niimmuliie:. 

Descr. Ttese extinct sheila 
are BO called from their re- 
semblance to money. They 
are generally of very diminu- 
tive size, and belong to wlia 
are called tlie foraminatea 
folythalamovi, or many 
chambered shells. They aro 
chiefly remarhaUe for their 
vast numbers, constituting 
often almost the entire masa 
of whole moimtains, in tli« 
tertiary and newer seconda- 
ry limestones. The Sphius 
and some of the pyramids oi 
Egypt are composed of num- 
mulitic limestone. Fig. 63, 



exh I t 



spc 
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quill. Bcpth the ink and the pen of the Loligo have recently 
Seen discovered in a fossil s'ate in England. Buckland'a 
Bridge-water Treatise, FoM, p. 303. 

Rem. It >3 a TCEy curious faci, that a substance so easilj dEatrojed hb ink 
sbuulil hare been so pei'fcctly preserved in the lias limestone of L^me Regis, 
tlmC alter tliousandE and pBrhape ten ttiouraiids of ages, it can be extracted, 
and the paint tbrnjcd from it cannot be distinguiah^ from the best which 
artisla now prepare ! It it also interesting to learn tbat (or this iliscoveij we 
arc indebted to the industry and skill of a laily (Miss Mary Anning.) who, 
with others of her sex that might be named, is doing much for the science of 
geology in England. 

Bivalve Shells, mostly exunci. 

Deacr. Of the Terebratula (Fig. 64) 50 spfcies have been ibund in the 
Silarion rocks; 49 in the Devonian ; 44 in llie Carboniferous ; liintbeSali- 
fenms ; 49 in the Oolitic ; 57 in the Cretaceous ; 1 3 in the Tertiary ; and quite 
a number among living moUuso 

flaer. Of the P ' - •- 
occnr in the Siluria 
and seven in the Lower New Red, or Permian system. 

DesoT. Of (ho Spirifer, (Fig. Gti, which shows the spiral appendiige within 
the shell,) -29 spedea have been found in the Silatian seiies ; SO in the Devo- 
nian; 74 in the Carboniierous ; 5 in the New Red; ajtdGia the Oolitic. 

DtBcr. Of the Orthis, anoUier brachiapodoas shelt, that became eilincl 
early, &1 species hnve been foand in the Silurian KriM; 35 in theDevoman' 
and 15 in the Cirlionifeious. 
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184 FOSSIL FI5BBS^ 

VERTEBRAL (NIMALS 

Dcscr This e\lensi e diviaon of tho animal kingdom em 
braces those ininjala «hose oiganizPlion is the mo t perfecl, 
M th nian at hen hend A cinmiim ani \eitebial column 
which enclose the principal pait of the nervous sjstem and a 
legular skeleton covered by muscles constitu e the pnncipil 
anatomical distinctions between this diiision and ihe three tha! 
hue already been cot 11 lei »! It is divided ini fnui upH 
narkpd elates l.M-imiiiala '.Birds 3, Kept les 4,l'i5b 

Rcat. Iclithyology, or tho history of fishes, has received such great im- 
pcoTements from the iabora of Professor Asassh, ns daveiopetl in his srent 
work, entitled Redierdies sur Us Potasons Foseilea, par L' Agassis, <f-c. tnal it 
may almost be regarded as a new science. Especially i3 this the case in 
respect to fossil Ichthyology. 

Descr. The number of living species of fishes now known, 
amounts to about 6000 ; and the number of fossil species to more 
than nOO. Buckland's Bridgmcater Treatise, Vol. I. y. 26"/. 
Ed. Phi!. JouTn. Oct. 1845, p. 301. Agassiz estimates the 
number of species that have lived during all the geological 
periods, at 30.000. 

Descr. FisheB are found in all the great rock formations, 
from the Silurian upwards: — a fact which is not true of any 
other class of vertebral animals ; and therefore the history of 
fossil fishes becomes of great importance. 

Descr. Agassiz divides fishes into four orders ; deriving 
their characters from tlie scales: 1. The Placoidians, or those 
whose skin is covered irregularly with plates of enamel (from 
nXttS,^iroad plate.') 2.TiieGanoidians ; (fromym'os, sp/endor,) 
or those having angular scales of horny or bony plates, covered 
with a thick plate of enamel. 3. The Ctenoidians, {xiEis, a 
comb,) or those having Jagged or pectinated scales. 4. The 
Cyclmdians, {xuui-oi, a circle,) or those having scales smooth and 
simple at their margin. 

Descr. Three fourths of the existing species of fish belong 
to the two last orders, whose existence has not been ascertained 
below the chalk : the remaining fourth belongs to the two first 
orders : which are not at all numerous now, but existed alone 
in all the periods during which the fossiliferous rocks below the 
chalk were deposited. Agassis in the American Journal of 
Science, \\>l. 80. y. 39. 

Prin. Not one species of fish has yet been found that i* 
common to any two of the groat geological formations ; or ia 
now living in the ocean. 
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FOSSIL FISHES. 



Pria. FoemI fishes do not change insensibly as we pass ver- 
tically from one formation to another, but abruptly ; and these 
changes occur simullaneously with those in other classes of 



Inf. Hence the conclusions that have been made from the 
history of other organic remains, are confirmed by this new 
branch of paleontology, 

Descr. Below the chalk oot even any genus is found that 
embraces any living species : those of the carboniferous strata 
disappear with the deposition of the new red sandstone : those 
in the oolite, introduced after the epoch of the new red sand-i 
stone, suddenly vanish with the appearance of the chalk. Two 
thirds of those in the chalk and one third of those in the lower 
tertiary strata, belong to genera no longer existing. American 
Journal of Science, Vol. 30. p. 40, 41. 

Rem. This conatuncy in the ohaiacter of fossil fishes has enabled M. 
Agassiz to determine the true ailuation of Gevend groups of rocks in the 
geological scale, tUat geologists had been unable to fix : or had put them in 
Uie wrong place. 

Desc, In the old red sandstone b foond a genus of fishes, of singular 
firm. Fig. 07. exhibits n species of this kinJ, 

Fig. 67. 




Dcecr. AgasBii has described 17 genera of sauroid iislies, founil in ail the 
JbrmBtioQS from the carboniferous upward, except the tertiary ■ but only two 
genera remain among living Jishea; vh. the Lepidoelaia osieua, or bony pike 
of North America; of which thera esials five species; and Ihe CoJjpfn-us of 
two species. Some of these sauroid fishes in the rocks were of enormous 
■ize; their teeth being larger than those of the living crotodile. 

Sharks. 

Descr. These fishes occur in a living state all over the globe ; 

and there seems to have been no period in geological history in 

which they did not prevail. More than 150 species have been 

found fossilized. Fig. 68, shows a shark's tooth of enormouai 



Host..:[jvGoOgIf 



fiize, found in Lenoir County, North Carolina, by Mr. Johi 
Limber. Estimating the size of the animal by the rules givei 
by zoologists, its length niu^t hiie bi.en between 70 ana 101 



\ 







T^iolh, natural ilu' Norih QirgJAia. 
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Deser. Another singular variety of fish is found in all tlw 
itrata below the lias, distinguished by their hetetocercal or un- 
lymmetiical tails ; that is, by tails whose upper Icbe extends 
nuch the farthest, by the prolongation of the vertebral column. 
Fig. 69, represents one of these fishes of the genns Palaoiiiscus. 
Most living fishes have homocercal or equally bilohate tails. 




CopTolites. 

Descr. The fecal remaina of fishes and other animals which 
have been found frequently in several formations, have been 
called Coproliles. Soiaetiraes they are fonsd defaclied and 
Bometimes in the body of the animal ; and the information de- 
rived from them, as to the food, habits, &c. of the animals to 
which they belong, is of great importance. 

lUus. The coproUles of birds have recently been found, in connection with 
thrar tracks, in SpringficlJ, Mflaaaohusetla. From Hoarpful analysis by Dr. 
S. L. Dana, thfy were found to contain uric acid, and in guch a proportion 
Bs shows not onfy that they are the droppings of birds, but of a particular kind 
of turds, v'a. the omnivorous tribes, such as produce the guano. 
Septiles. 

Desc} Piof Oiien has recen'ly divided the reptiles into 
eight orders all of «hich are found more or less in a fossil 
state, and tl lee of «hich, (No 1 2, and 5) are exclusively 
fossil Order 1 Dmosauna, or Land Sautians; embracing 
only three genera of gigantic size Ibe Megalosaurus, Hylso- 
saurus, and Iguanodon, found in the wealden and oolite forma- 
tions 2 £/ia7josni/ria, or Maiine Sauriaos; embracing three 
genera also, \iz Plesiosaurua Ichthyosaurus and Pliosauriia; 
which, honevei, contam 23 species even in Gieat Biitain 
Found in muschelLalk, lias oolite wealden and chalk 3 
Crocodiha, (Crocodiles, &c ) embiacing m England eiTJit 
genera and li species, and found n the lias oolite «palden, 
chalk, and tertiary. Among these the largest was the Ceho 
saurua, which was 60 feet long and rivalled the modem whale 
in size. 4. LacerliHa, or lizards Found la magnesian lime. 
12* 
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stone of the Permian sj'stem, and tlie new red sandstone of thi 
Triassic system. It embraces in England eight fossil generi 
and ten species. The most remarkable of these was the Rhyn 
chosaurus, whose structure approached that of birds. It ii 
doubtfnl even whether it had teeth, and it probably had a hinc 
toe, extending backwards, 5. Pterosauria, or Flying Saurians ; 
embracing only one fossil and no living genus, viz. the Ptero. 
dactyle, which occurs in the iias, oolite, and wealden. 6. Che- 
Ionia, or Tortoises, Pound fossil in new red sandstone, oolite, 
wealden, chalk, and tertiary ; and embracing in England six 
genera and 20 species. 7. OpMdia, or Serpents. Found fossil 
only in the tertiary, where in England only one species has been 
discovered, which was sometimes 20 feet long. 8. BalracMa, 
or Frogs. Found fossil in the new red sandstone and the ter- 
tiary ; where occur in England, iive specii^s of the Labyrintho- 
don. The whole number of fossil reptiles found in Great 
Britain alone, and described in the admirable Report of Professor 
Owen on British Fossil Reptiles, is 85. See Reports of the 
British Association for 18Sd and 1341, Also Ansted's Geology, 
Vol. 1. p. 303. Professor Bronn, in his Lethea Geognostica, 
described in 1837 one genus and one species of reptiles in the 
Permian system ; eight genera and 10 species in the Triassic 
system ; 18 genera and 24 species in the oolite ; 4 genera and 
5 species in the chalk, and 20 genera and 35 species in the 
tertiary : in all, 51 genera and 75 species : but how many of 
these are included inProf Owen's Report, I have not ascertained. 
Rem. I shall now describe more particularly a few of the 
most remarkable of the fossil reptiles. 

Ichthyosaurus. 
Descr. This animal, sometimes more than 30 feet long, and 
of which It) species are known, had the snout of a porpoise, 
the teeth of a crocodile, (sometimes amounting to 180,) the head 
of a lizard, the vertebree of a fish, the sternum of an ornitho- 
rhynchus, and the paddies of a whale: uniting in itself a combi- 
nation of mechanical contrivances which are now found among 
three distinct classes of the animal kingdom. One of its psd- 
dles was sometimes composed of more than 100 bones ; wliich 
gave it great elasticity and power, and enabled the animal to 
urge its way thi'ough the water with a rapid motion. Its ver- 
tebrce were more than 100. Its eye was enormously large ;. in 
one species, fhe orbital cavity being 14 inches in ils longest 
direction. This eye al?o, had a peculiar construction to make 
it operate both like a telescope and a microscope : thus enabling 
the animal to descry its prey in the night as well as day, and 
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great depths in the water. The length of the jaws was some- 
les more than 6 feet. Its sltici was naked, some of it having 
eti found fossil ; its habits were carnivorous, its food, fishes 
d the young of its own species ; some of which it must have 
'allowed several feet in length. This fish-like lizard was an 
habitant of the ocean. Fig. 70, exhibits a restored ichthyo- 
urus, by Mr. Hawkins. Memoirs of Ichthyosauri and Plesio- 
uiri, extinct Monsters of ike ancient earth. By Tfiomas Ham 
ns,Esq. Folio, with 28 plate 

Fis: "0 



Plesiosaurtts. 

Descr. This anima!, of which 16 species have been found, 
las the general structure of the ichthyosaurus. Its most re- 
narkable dilference is the great length of the neck, which has 
from 20 to 40 vertebree ; a larger number than in any known 
inima! : those o!" living leptiles varying from 3 to 6, and those 
sf birds from 9 to 23. 

The largest perfect specimen yet found is H feet long ; with 
about 90 vertebrse. f ta paddles were proportionally larger tlian 
in the ichthyosauri. It was carnivorous; an inhabitant of the 
ocean, or rather of bays and estuaries: where it probably used 
its long neck for seizing fish beneath, and perhaps flying reptiles, 
above the waters. Fig. 71, exhibits a restoration of one of the 
most remarkable species, the P doliclwdeirus, bv Mr. Hawkins. 



Fig 71 




Rem. Accurdmg to Dr Hail-in's MeJita! and Physical Researches, ich- 
thyosauri anJ plisioaoun havf li«en friund in the secondary Focks of tlw 
Unitcii Slates, Mmmg Retnio far January \?,V3,p 10 

Mosasaui us 

Descr. Up to the tinie of the deposiiion of the chalk, the 

ichthyosaurus and plesiosaurus appear to have ruled in the 
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ocean : but then Ihej" disappeared, and the t 
their place, to keep the muliiplicalioii of the species of oti 
animala within proper limits. It was most nearly related in 
structure to the monitor, a species of lizard now living. VVh 
the head of the large.st monitor does not exceed five inches 
length, that of the'mosasaunis is 4 feet long ; and the whr 
animal 25 feet in length : while the monitor is only 5 feet 
length. It had paddles instead of legs ; and the number of 
vertebi-iC was 133. 

Megahsaurus. 

Descr. This name {meaning a great saurian,) has bet 
given by Dr. Bucl:land to a gigantic terrestrial reptile, 30 fe 
long, allied to the crocodile and monitor in structure, and four 
in the oolite. The animal was carnivorous ; and in the strui 
ture of its teeth are combined the knife, the saw, and the sabn 
Its principal food was probably crocodiles and tortoises. It ha 
a Dinosaurian companion, called the llylEeosaurus, about fiftee 
feet long. 

Igu..odon. 
Han. For out knowledge of this moat gigantic of all the replilea of 
forme; world, we are indebted to the industry and ecienlific acumen of D. 
Mantcll, who found its bones nlonj with Uioao of the megalosautas, hylac 
siiurua, plesiosaorua, CTOcodile, &c. io the wr'alden rocks in England ; a fres 
water, or rather an estuar; fbrmadon, extending over more than lUiX> aqaat 
miles. Tt mast onca hare formed fhc cialto. of a large river, which has dit 
apptnved, as well cis the country from which it originated. Wonda-a of Geo 
logn. Vol l.p. 3as, 

Defii"- This iuiimal tspproaches nearest in its structure, ea 
jeoiriilV that of the teeth, to the living iguana : a reptile of tht 
wartner pai'ts of this continent ; and hence its name ; signify 
ing aa animal with teeth like the iguana. Its average length 
was about 30 feet : circumference of the body, 14.5 feet : 
length of the hind foot, 6.5 feet: circumference of the thigh, 
more than 1 feet! The form of the teeth shows it to have been 
herbivorous, like the living iguana. It had a horn 4 inches 
long upon the snout, like some species of iguana. Fig. 73, 
will give some idea of the iguanodon,* 

» In looking at Mr, Martyn's thrilUng picture, that forn^s the Frontispieca 
to Dr. Mantell e Wondcra of Geology, entided T7ic counii-y of Ihe Igaiatodim 
Rcstortd, one cannot but be remmded of Milton's graphic description at 

" With head uplift above the waves and eyes 
That sparkling blazed, hia other parts besides 
Prone on the flood, extended long and large 
Lay floating many a roo<), in bulk as huge 
As whom Ih 
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PtsrodaRtyle. 

Rem. Of all the fossil flnimaJs probably Ihia is the most heferoclitic, and 
jt liiEt view, nionalrous. Hence onatamists were unable for a long time tu 
'efer it to its true [dace among animnlB ; some pranoancing it a liird, some a 
.eptile, autl same a bat. But Cuvierattant developed its true charoners, and 
proved it to be b, faeaDlifuI example of the wisJom that adapts creatures to pe- 
culiar and varied modes of eiistc 



Descr. This animal had tKe head and neck of a bird, the 
tnoath of a reptile, the niiigs of a bat, and tlte body and tail of 
a mammifer. Its teeth, as well as other parts of its structure, 
show that it coitld not have been a bird ; and its OBteologieal 
characters separate it from the tribe of bats. But in many re- 
spects it had the characters of a reptiSe, The outer toe of its 
fore feet was enormously elongated, to furnish support, it is 
probable, for a membrfinous whig;. By this means these ani- 
mals were doubtless able to fly like the bat ; while the fingers 
with claws projecting from their win^s enabled them to creep 
or climb. When their wings were folded, they could probably 
walk on two feet ; and it is most likely, also, they could swim. 
1'heir eyes were enormously large; so that they could seek 
their prey ia the night. They probably fed on insects chiefly ; 
though perhaps, also, they had the power of diving for fish. 
Eight species, from the size of a snipe to that of a cormorant, 
have been found in the oolite and liks in England, and on ths 
continent of Europe at Solenhofen. Fig. 73, shows seYeial of 
these animals restored. 



Titanifin, or f atlh born, that warteJ en J( 
Briareos or Tvplion, whom the den 
By ancient Tarnus hdd, or that aoa beast 
Leviathan, which God of all his works. 
Created hugeel Ihi 



Parnrl-isc Jyst, Bool; I. I'lu 
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•rBKODACTYL*. 



Fig 73 






[, all qusliiii 

)mpanion to 

rawleil on the shores of x 



" 'With flocks of snch-like crenlures flying iu the air, anJ shoals of no less 
toonstmus ichthyosauri anJ plesiosKuri swarming in the oeeao, and gigantio 
crocodiles and lurtinses crawling on the shores of the primeval lakes and 
rivers' ait, sea, anrl LmJ must have Iwen strangely (enanted in these early 
pericisofonr jifant viorlj." Bridgmoater Ti-ealise, Vol. I. p. 'SS4, 

Crocodiles and Tortoises. 

Descr. Of twelve species of the crocodile family now living, 
three are alligators, eight true crocodiles, with a short and 
broad snout, and one, the g-avial, with a long and narrow 
beak, adapted for feeding on fish. Of the six or more fossil 
species, all those in the secondary rocks approach in slnicture 
to the gavial ; probably because few other animals then existed 
but fish on which they could feed. These gavial saurians are 
called teleofauri and shneosawrt. Of the former, one has been 
found 18 feet long, with 140 teeth. The fossil crocodiles with 
short snouts, differ so little from existing species, as to need no 
description. 
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Descr. Tortoises, both marine, fresh water, and terrestrial, 
lave been found fossil in all the formations above the coal for- 
nation. One of these in the niuschelkalk, a aea turtle, was 8 
reet long ; another in India was 20 feet across. Ansted's Geo- 
'ogy. Vol. 2, p. U9. Numerous tracks of tortoises have also 
been found on the new red sandstone in Scotland ; but these 
will be described in a subsequent part of this section. 

Birds. 
Bescr. Twenty species of birds have been found in dilu- 
vium ; 28 in the tertiary strata, one in the chalk, and recently, 
one species of Grallte, or waders, in the Wealden formation ; 
snd these are all the fossil relics of this order of animals yet 
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144 MAMMALIA. 

d d The Incks of moie than 30 different species ■ 

an al have, however, lecently been brought lo light in tl 
all f Connecticut rivei, m Massachusetts ind Gonneotici 
ha a tliDught to be the equivalpnt of European new r( 
sand n , jiid a luge part of these resemble the impressioi 
of bud a feet moie than those of an\ other known animal 
But these will he more particularly noticed faithei on 

Bescr. The most lemaikable diaeo\eij in zoology durin 
the present century, is thit by Pruf Owen in relation to th 
Dinomis, an enormous species of bii-d that once inhabited Ne'> 
Zealand. Having received bones, collected by miusionarie; 
from alluvium, he has been eaabled to describe six species tht 
must have lived within a few hundred years in that islanc 
They varied in size from that of the great bustard, three o 
four feet high, to a bird ten or twelve feet high, called the Din 
omis giganteus ; an outline sketch of which is given on p. 143 
as restored by Professor Owen. Owen's Paper on tlie Dinorni 
in Zoological Transact., Vol. 85. Fart 3. p. 235. 



There is reason to believe that the Marsupial Mam 
iared earlier on the globe than any other animals of 
For Dr. Buckland has found two undoubted species 
ot ine marsupials in the oolite of England. 

DescT. With the above exception, all the other fossil mam- 
malia occur in the tertiary strata and drift. In the eocene ter- 
tiary, as many as 50 species have come to light. Cuvier de- 
scribed 78 species in his great work, the Ossemens Fossiles ; 
49 of which are extinct : and since that time the number has 
been increased to nearly 200, 

Descr. Among these fossil animals, are many of existing 
genera, and so nearly related to esisling species, that a particu- 
lar description will be unnecessary. Such are the fossil species 
of the rhinoceros, hippopotamus, hog, eat, glutton, horse, ox, 
deer, bear, hyena, weasel, hare, rabbit, rat, mouse, &c. In 
general, however, the fossil species are of a larger size than 
those now living ; indicating a warmer climate when they 
were upon the globe. 

Bescr. The marine fossil mammalia, such as the whale, the 
dolphin, the seal, the walrus, and iamantin, occur as we should 
expect, in tertiary strata deposited in the ocean ; and some of 
the terrestrial mammalia are found mixed with marine animals 
in salt water formations ; having been drifted into the ocean by 
rivers. Other terrestrial mammalia are found in fresh water 
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irmations, depostled at the betlom of lakes and ponds during 
le lertiaiy epoch. Others occur in caverns and fissures, which 
dsted iQ tlie dry land during the same period : and finally, 
milai- remains are found dispersed through the diluvium, 
hich is spread over formations of every age. 

Desci: At the meeting of the Aasocialian of American Geologists in 1S4I, 
't. Hatlao stateii that tiie continuous vertebra of a cetaceous aiiimaJ, had 
^en fouDil in Alabaoia, as much as 100 feet long. SubeecjuentEy this animal 
■as named Zeugloduit cetoidea by Prof. Owen, who describes it " as one of 
le moat eitraominaiy of nmimnajia, whicti tile reroluIionE of tbe globe bavo 
lotted out of tliB number of existing bdnge." A supposititioux specimen of 
313 animal has been eshibited of lale in tba cities ot tbia countiy, 114 feet 
ing, nnd made up of bones collected at diUcrfmt localities. Amer, Quart. 
hui-n. Agriculiuri:, AprS, 1816, p. ^3. 

Vescr. Tlie history of hone caverns and fissures, as de- 
icrifaed by Dj-, Buckland in his spjeadid work entitled Beliquim 
Oihiiiiaiue, deserves a more extended notice than can here be 
jiven. Prom a careful examination of these osseous caverns, 
ly Dr. Buckland, it appears that some of them, as that of Kirk- 
iale, Keut'a Hole, &c. in England, were the residence of hy. 
snas, for a long time previous to the historic poriod ; and that 
these animaJs dragged in thither great quantities of bones of 
Dtheff animals on which Uiey fed. This is proved by the broken 
and gnawed state of the bones, and by t!ie great quantity of co- 
prolites belonging to the hyena found in the caverns. Other 
caverns appear to have been the abodes of bears for a long 
period, as those of the limestones of central Germany. In one 
of these, the cave of Kuhlok, more than 600 cubic feet of black 
animal dust, impressively denomiuated the dust of death, were 
found resulting from the decomposition of bears ; which must 
have required at least 2500 of these animals ! The bones of 
the osseous breccia, found in fissures in Somersetshire in Eng- 
land, and on the northern shores of the Mediterranean, belong 
mostly to animals that fell info fissures Ihat were afterwards 
filled with detritus. Beltquits DilminJKe, p. 137, and 148. 
London, 1833. JDe 7a Be:he's Manual of Geology, f. 181. 

Descr. Sometimes ossiferous caverns have been used hy 
man as a place of hs'jitation, or more frequently as a place of 
sepulture. And hence his hones, as well as fragments of pot- 
tery, and other relics of a rude people, sometimes are found so 
mixed with tbe remains of extinct animals, as to lead to the in- 
ference that they were deposited during the same period. In- 
deed, in some of these caverns ia the south of France, it is still 
believed by some geologists, that the remains of men were of 
contem'joraneous deposition with those of the extinct mam- 
13 
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which were parlially cemenled bj stalagmite, during the alluvial or historic^ 

giriod. An exampio of this tind has been conimunicateJ to me by the lat 
rof. L. F, Clarke, of tie college of Eaal Tennessee, in a letter dated Aug 
S3d, 1838. The cavern is situated in the town of Chittenden, Vt. from aOU- 
It. 3000 feet above Otter Creek, and in limestone interstratilied with niici 
Blate, having an easterly dip of about 05". The bottom of the cavern has ; 
westerly slope, as shown m Fig. 74, which is an imperfect sketch froii 
memory. 

Fig, 74, 




The roof and sides of the cavern are covered with large stalactites, and tha 
bottom with loose fragments of roclis, in many places to the depth of at least 
5 feet. The fragments at the surface are mostly cemcnti'd togt'ther by Blalag- 
mite, but rarely at much depth. The bnnea are scattered among the frag- 
ments, and are much broken, and many of them gnawed by the teeth of some 
small animal. These bones, ao far as mej have been anatomically examined, 
appear lo belong to eiiaUng animals ; among which those of the baf were 
Tory ahnndant ; and it is supposed that some of them belong to thu wolf| 
racoon, &c. They appear very fresh, stilt retaining most of their animal 
matter, much more than the bones tram the EngJish cavrriis. Frnm all tho 
facts 1 inlcr, that tbifl cavern was produced by running water which pro- 
bably had an ontlet ot A, and that the fragments of stone were thus accu- 
mulated, while the stalagmite was forming and the bones were being col- 
lected, both b^ carnivorous anim.ils, and by the death of others that mi^ht 
' ■' ■' '■ habitation, durini; ihc alluvial or historical period. 



have made this c 
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Early Packydermata. 

Tie cr In the older tertiaiy stiata around the city of Pans, 

B run (. uiiei has biought to hght more than 40 extinct quad 

lupeds many of them allied to the modern pach^dermata or 

th ck skinned animals Fig 75 exliibiis the lorm of the 

•1 wplothermm gractle which was of the size and form of the 
I, izelle living liLe the deer and the antelope Fig 76 i-j the 

Inophthenum conmune , an animal about the size of the wild 
biar with the means of snimmmg with ficihty Four othoi 
ipecies have been described Fig 77 is the Palteolhertum 
magnum of the siz of tht horse but m^r th ck and cIutisj 
Prob-ibly it had a t unk. tig. 78, is the PaltEothenum. minus, ot 
'he size of the roebuck. Ten other species have been described 




Mammoth, or Fossil Elephant. 

Descr. Two species of living elephant are kiiown ; the 
(Asiatic, or Indian, which extends only to the 3 1st degree of 
north latitude : aiid the African, which occurs as far south as 
the Cape of Good Hope. A third species is found in a fossil 
state; especially in the northBrn parts of Asia and Europe; as 
well as America. It is this extinct species that goes by the 
name of mammoth,— an Arabic word {behemoth.) signifying 
elephant. Fie. 79, exhibits the skeleton of the remarkable 
specimen found encased in frozen mud on the shores of the 
arctic ocean, in Siberia, with its softer parts preserved, as has 
been already described. This skeleton is now deposited in the 
Museum of Natural History in St. Petersburgh. Its length is 
16 feet; and its height 9 feet. Its hair, of which 30 pounds 
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Maslodoii. 

DiSCT. Although the mastodon is frequently called the n 
moth in this country, where the remains of the largest spe 
are abundant, yet it differs generically from the elephant in 
fonn of its teeth ; as may be seen in Figs. 80 and 8i, be 
Fig. 80 is a side view of the grinder of the mastodon, and 
81, represents the Jiat surface of the mammoth's grinder. 
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DescT. No lesa tlian seven species of mastodon have been 
discovered in a fossil state; (13 species according to Prof. 
Grant: Murchisoii's An. Ad. for 1843, p. 110;) viz. three in 
Europe, two in South America, one in the United States, and 
one in India. The largest species, M. taaanmus has been found 
in almost every part of the United States ; though most abund- 
antly in the salt licks of Kentucky, Ohio, &o. The most easterly 
point where the bones of these animals have been found, is Ber- 
lin in Connecticut. An almost entire skeleton has beea put up 
in the Museum of Mr. Peale in Philadelphia, which is 15 feet 
long, and eleven feet high. This was found in Orange Oaunty, 
New York, The most remarkable locality in this country is at 
the Big Bone Lick in Kentucky, where a vast number of bones of 
various extioct animals are imbedded in dark colored mud and gra- 
ve!, which appeai-s to have baen formerly the bottom of a marsh. 
This spot has been examined by William Cooper, Esq., with his 
usual discrimination and accuracy ; and he is of opinion that the 
deposit containing the bones is to be regarded as drift. He esti- 
mates that the bonesof 100 mastodons, 20 elephants, 2 oxen, 2 deer, 
and one megalonyx, have already been carried from this spot. 

Descr. In 1845 the skeleton of a mastodon, almost entire, was 
dug up in Now Jersey, with skulls and otherbonesof four or five 
others. These have been purchased for Harvard College. A 
more gigantic and perfect skeleton was found the same year in 
Orange County, New York, in a peat bog, wilh marl beneath ; 
where it stood in an erect position, as if the animal lost ila life by 
getting mired io search of food. In the place where its stomach 
and intestines lay, was found a large mass of fragments of twigs 
and grass, hardly fossilized at all. The sketch below repre- 
sents this skeleton, which weighed 2000 pounds, and is perhaps 
the most perfect and gigantic ever found. It is now owned by 
Dr. Joiin C. Warren of Boston. Am. Quart. Jour. ofAgrieul. 4" 
Sei. Vol. 2, No. 2, July, 1845, p. 203. 
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Inf. This skeiefoii was found, as indeed most others pro. 
bably have been, in an alluvial formation, and the questioi: 
whether it was antediluvian or postdiluvian is a natural onCj 
but not easily answered. Those familiar with tertiary fossils, 
know that wood and leaves are sometimes preserved almost un 
changed, even as low down as Ihe Eocene ; so that the appar 
ent freshness of the bones and the contents of the stomach, doea 
not settle the question. The grand objection to the animals 
having lived within a few hundred years, is the ditficulty of 
conceiving how so enormous a creature could have sustained 
himself through our winters. Yet it ought to be recollected, 
that the Moose, — often nearly as lai'ge as a horse, — does thus 
live by browsing in the forests of Maine. ]t would seem, how- 
ever, more probable, that the Mastodon lived when the climate 
was warmer ; since the allied huge animals do live in warmer lat- 
itudes. Perhaps the change of climate destroyed the Mastodon. 

Rhinoceros, Wppopotamus, Hyena, Horse, Ox, Deer, Siva- 
iherium, Monkey, CaraeJ, ^c. 

Descr. Most of these animals in their fossil state, differ so 
little from the existing species, that they need not be particularly 
described in this work. They are generally, however, of larger 
size than the living species. The rhinoceros found undecayed 
in the frozen gravel of Siberia, has already been noticed ; and 
several other species of this animal occur in Europe and in 
India, associated with the bones of the elepliant, also with seve- 
ral species of hippopotamus, and one or two of oxen, aurochs 
and deer. The horns of the fossil ox are sometimes very large ; 
in one example 31 inches long. So also the famous fossil elk 
of Ireland, (Cenus giganteus^ had horns that measured 10 feet 
10 inches between their tips. Jamesort's Cuvier's Theory of 
Ihe Earth, p. 246. The most interesting remains of the hyena 
are those found in caverns. (See Reliqum DiluvianiE.) The 
sivatkerium is an extinct animal recently found in India, in con- 
cretionary drift, larger than the rhinoceros, furnished with four 
horns and a proboscis, and forming an intermediate link between 
the ruminantia and pachydermata. In the same deposit were 
found the remains of a gigantic species of monkey and of a 
camel. Another species of monkey has also been discovered in 
tertiary deposits in France ; so that the important fact seems 
now well established, that the animals approaching nearest to 
man in their structure, iiave tieen found in a fossil state. Won- 
ders of Geology, Vol. 1. p. 138 and 226. 
Megatlisriu7ti. 

Descr. Slollt and Armadillo. Because the Sloth {Bradypu* 



Host..:[jvGoOgIf 



151 

tardtgradus) is not adiptc ] "u wj. I, g OQ Ihe giouniJ, some 
writeis and even some ndtunlists (Button fSic ) have ridiculed 
its structure is if it indicated s. want of wisdom But it now 
appears that the naimal was intpndpd lo h\6 continually upoQ 
trees, and that its lonq forelegs with long and ^eiy crooked 
ilaws are admirably adapted for this purpose The armadillo, 
as IS well known is covered with a bony armor foi defence 
against enemies dust iSic The few living sp cies ot this ani- 
mal are small and confined chiefly to South Amenta, where 
they burrow like the wondchuck 

Descr The Megatherium is an enoimous extinct animal, 
which « IS once abundant m the vast plains or pampas of the 
same coiitioe It The^ hi\e been lateJj found by Mr Darwin 
ovei an extent of 600 miles accompanied with bones and teeth 
of fi\eothei qiiadiupeds somt. of them of a similar eon ntruction. 
Dr. Mitchell and Mr. Cooper ha\e also deocnbed bones of this 
animal from the island of Skiddaway, on the coast of Georgia. 
Suelttand's Bridgewaler Treatise, Vol. 2. p. 20. Amiah of 
N. Y. Lyceum, May, 1824. It was larger than the rhinoceros, 
and its proportions were perfectly colossal. With a head and 
neck tike those of the sloth, its legs and feet exhibit the charac- 
ter of an armadillo, and the ant-eater. Its body was 12 feet 
long, and 8 feet high. Its forefeet were a yard in length, and 
more than 12 inches wide ; terminated by gigantic claws. 
Across its haunches it measured five feet ; and its thigh bone 
was nearly three times as thick as that of the elephant. Its 
spinal marrow must have been a foot in diameter ; and its tail, 
at the part nearest the body, twice as large, or six feet in cir- 
cumference ! Its teeth were admirably adapted for cutting 
iubstances ; and its general structure and strength 
I intended to fit it for digging in the ground for roots, on 
which it principally fed. Fig. 82, exhibits the entire akeletoQ 
of this animal, which exists in the museum at Madrid, in Spain. 
Buckland's Bridgewater Treatise, Vol. l.j). 139. 

Rem. I. It haa been gener^ly supposed that the megatheriaoi was cov- 
ered with a bony armor like the armadillo; but Mr. Owtn, the diBtinguished 
compacBXive anatomist, is of opinion, aftei a carefu! examination, that euch 
was not the case; and tilat this animal approached more noarly in chEinic- 
a the ant-eateis and sloths, tlian to the armadillo. Loud, and Edia. 



Hial. Feb. IMl. p. 493. 

Rem. 3. Dr. Hailan has recently deectibed the remains of a Kuge cstinnt 
animal, allied to the above, from Missouri, under the name of Orycterothe- 
rium JUtssouWensia; and Dr. Henry C. Perkins has described, in tlie Boston 
Journal of Natural HisJocy, another species from Oregon Territory, as tlw 
Oryd. Oreganensia. 
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Descr. In the supprficnl dpposils of South ". 
interesting etimot animals ha\e been found belcnging moUly 
to the Pachydeimata or thick skinned and ihe Edentata The 
Toxodon, which had 1 skull 3S inches m length approximates 
in its structure to se^eiil families of animals ti/ the Roden 
tia, the Ruminantia and Cetacea , although in fact a Pachj 
derm. The IVIacraachenid t,ieatly resembl*>d the llxim and 
had a neck ilmost as long as that of the giriffe «uh a body 
nearly as large it, that ot the iliinoceros This al'so "as a 
Pachyderm The Mylodon, an Edentate animal was of mi^ 
Kve and singular proportions Its body was shoitei thin that 
of the hippopotamus but was terminated by a pehi is broai 
as that of the elephant and deeper resting on two nns'fne Lut 
short hind legs with feet as long aa the thigh bones The till, 
as long as the ega and *erj thick and strong was probably 
nsed like that ol the kangaroo, to support the body when the 
animal raised up its anterior extremities. It is supposed by Mr. 
Owen, that the peculiar structure of this animal adapted it, 
first for digging around trees, and then, resting upon the tripod 
base of its hind legs and tail, it seized the trunk with its fore 
legs, and rocked it to and fro, until it was prostrated, and its 
leaves furnished food for several days, perhaps. The following 
sketch will give a good idea of this animal. 
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Descr TheScelilotherium wasananulojrous lu iiial Dot larger 
than some of the existing ant-eaters of Houth America, but with 
excessively large hind legs. The Glyptodon was covered with ar- 
mor like the armadillo, and wasof great size. These animals are 
al! called Megatheroids, hecause they resemble the Megatherium. 



Descr. This animal was first described by Mr. Jefferson, 
who mistook its characters. It was found in ihe nitre caverns 
of Virginia and Kentucky, and has since been discovered in 
other places. It was of the size of the ox, anc' appears to have 
been nearly related to the sloth. 

Dinotlierium. 

Descr. Until recently the mammoth and the mastodon have 
been supposed the largest of all the terrestial mammalia that 
ever inhabited the earth ; but tbey must give place to the 
Dmotherium described by Cuvior as a gigantic tapir, but re- 
cently by Pi'ofessor Kaup, a distinguisJied German naturalist, 
as a new genus between the tapir and tJie mastodon j and adapted 
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to that lacustrine condition of the earth whieli seem^ to h&re 
during the deposition of the tertiary stcata. 
e been ibund in tertiary strata, in the south of 
France, in Austria, Bavaria, and especially in Hesse Darmstadt 
Its length must have been as much as 18 feet. One of its most 
remarkable peculiarities consisted in two enormous tusks, at the 
anterior extremity of the lower jaw, which curved downwards, 
like those of the walrus. Its general structure seems to have 
been adapted to digging in the ground ; and for this purpose its 
feetas well as tusks, projecting a foot or two beyond the jaws 
which were four feet long, were intended. It lived principally 
in the water like the hippopotamus ; and it probably used its 
tusks for tearing up the roots of aquatic vegetables, which, as is 
shown by its teefh, constituted its food Dr Euckland suggests 
also, that these tusks might ha\e been u'ieful as an anchor fast- 
cued into the bank ot a ruer, while the body of the animal 
floated 111 the water and slept Thej might have been useful 
al<io, to lid m diagging the body out of the water and tor 
detence 

IB a ket hiftlio Doiot'unu.m g'ga 

1 j> il5 




IchnBliihelogy : oflkiHistorjofrs IF i 
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This singular branch of paleontology has but lately 
attract the attention of geologists; since it is orjy 
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I8i8, Dr. Duncan has given an account, wUh drawings, of tlie Iraclis of a 
(luacirurecl on new red sandstone in the quarry of Corn Cockla Muir, in 
Dumfries-shire, Scotland. These tracks liave been found there In great 
almndance, on many successive layers of the stone, to the depth of 45 feet; 
Of as low as the quarry had ticen opened. They occur also in another 
quarry, 10 milee south of Corn Cockle Muir, where one series of tracks 
estendwi from SO lo 30 feet. Dr. Bueklaod seema lo have aatiafiiclorily 
sliown that they were made by tortoises. Biidgmcaler 3>Kaiisc, Vd, I. 
p. 259. 

Eaivi, 3, In 1S3I, Mr. G. P. Scropeibunci numerous footmarks of small 
animus on the lasers of forest marble, north of Bath in England. They 
occur along with ripple marks, and were probably made by Crustacea, crawl- 
ing along the bottom of an estuary. The impression of the tail or the 
Etooiach IS sometimes visible between the rows of Tracka. J/nirital of Ike 
limjal InstiiJiiiim of London, 1831, p. 538. 

Exairt. 3. In 1834, an account was published in Europe of some remaA- 
[■.We fossil ibotmarka on the gns bigarre (new red sandstone,) at Hessberg, 
near Hildberghauoen in Saxony. Accounts of these impressions have 
boen given by Dra. Hohnbaum and Sickler, Professor Kaup, M. Link, 
and Baron Humboldt. The largest track appears lo have been mads by 
a marsupial animal, whose hind &t was 8 inches long. This animal Prof. 
Kaup has named ckirolheHnm, ftom the resemblance of its track lo a hu- 
man hand. Some of the tracks appear to hax-e been made by torttuses; and 
M. Link, who has made out four distinct spedes from these tracks, si^- 
gests that Bome of them may have been made by gigantic battachianB, 
(frogB, salamanders, &c.) B-acklan^s Bridgeatalsr Treatise, Vol, 1. p. 263, 
and Vol. 2, p, 3G. Wonders of Geology, Vol. 9. p. 423. Am. Jounud 
of Science, Vd. XXX. p. 191, Pig. 84, shows a few tracks of the chiro- 
tlierium on a slab of ssndstona from Hessberg. (See speciraens in the CiM- 
net at AatAerst College.) 



Rem. Mr. Owen, with great sagacity, has rendered it firobable that the 
tracks referred to the chirotherium, were made by a gigantic batrachian, M 
frog, whose hind feet weta much larger than hia fore feet. He has given r 
sketch of the animal restored, (the bones of the head only have been dis- 
covered,) and of the manner in which the tracks might have been produced- 
Fig. 85 is a copy 
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man, in 1843, .. _ 

ways of tmbulatOTv fishes upon BUnilstone nt \\ ' lint 

shire EngliDcl Plal Mag March 1844 p':,i I llr 

Logan nnd Mr Dawaan tbund tracks some i illi t i itli five 

totiB, onalogoue lo thoseofbuJs and rephlca in the I «irL irlnxiitiroua series 
b Nova Scotia iye/Ps TrtireU m N America lol 2, p ITi At a sesacon 
of the Gfologicjil Society of France Nov 1843 M Degcnh-\rett anoouni ed 
the existence of impressLona of the feet of great birds in a red aanilstone 5000 
feet above the occnn, in a hill called Cachilla de los poaunnoa del vcnndo, 
Oiterally, tiit hill of ihtr's tracks,) in Colomhia. S. America. Bulletin of the 
Social/, p. 13. In 184G, Mr. Cunningham detected the tracks of what he eon- 
ndeis sroalt Grnllx, in the SCoreton quarries, near Liverpool, Jour. Geol, Soc 
Vol, 3. p. 410. In 1S44, Dr. Al&ed T. £ii>g discovered in the lower pait of 
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i>^ earbonifefous aenea of wtstem Pennsyivoiiia, 800 feet below the topoftho 
toal formation, tKe tracks, probably, of a large Batiachian. Amer. Joar. qf 
ScL, Aprs, 1845, p. 348. See specimeii in Amberal CoUege. 

Descr. Since tlie author of thia work first published an account of the Oc- 
iiithic^nitis in 183!J, numcroua other 6cla have been diseoTereJ in relation to 
the fo^.tmarks .iloiig Ciinntcticut river. He is now aoquainteJ with more than 
40 speciea which he supposes were made by aa many apecies of anitnals. In 
his Report on tho Geology of MosBachusetCs, in 184t,Iieliaured and described 
27 species, which he diviilcJ into OmitfioifKe'inKes, or tracSa resembling tlicHs 
of birds; and jS'utiroiiiicftnifes, or tracka resembling those of Sauriana. Nine 
Rpecics more have since been described in the Tnmsac^oDS of the Asasdatinn 
of American Gteologiste, and in the American Journal of Science, Several spe- 
cies have more recently been discovered; and onacuetiil rcvisioa of the whole 
subject E>i this work, more than 40 spedea appeac to be wcl! defined and 
cetabhahed. Five of these aro quadrupeda, and probably more; and the rest 
bipeds, with the exception of two species of Annelida, which tmve left only a 
trackway or furrow, ajid three species of a ve^ anomalous character. Re- 
garding the names Ornithichnites, OrnithoidichuLEe, dec., as provisional nterely, 
I now propose niunes for the animals that made the tracks, instead of the 
tracks. For ainco we arc certain of their existence, and that they have nevec 
been dracribed, why should they not be named like other eilioct animals t 
This has been done in Europe in respect to the ChiTotheriian, by Prof Kaup; 
and in respect to the Teetado Diaiami, by Prof Owen ; who had no other 
evidence of tho existence of such animals except their tracks. 

Descr. I have divided thtse nuimals into aa many ^ups, or families, as 
sccdied to be indicated by their tracks; and have sometimes added the known 
livlniT fiiiiiilics to which they probably belong ] not, homcrer, with any great 
confidence. I have also embraced the animals described by Dr, Alfral T. 
Kin^r, whose footinnrks are found in Pennsylvania, Ere long I hope to give 
»ystcm::iic description of the animals here naixied, so far as their tracks in 
the Connecticut valley will enable mc lo do it, — through the transactions of 
some scientific society. 

iVijinis of the Aninuili thai made Hie Fossil Footmarks Jinmd in Ihe United 



(Wing-footed) 2 AcUtiopia, (iiOpia and ta.-) I LyeUiai , 

Grolt 2. 2 Lecialhan Moodii; Moody's LarlaSuai: from an enormons 
track with tour thick toes, diatincUy jointed ; the whole 30 inches lon^; f ! ) 
recently discoTercd (Januaiy, 1847) in South Hadley, Mass., by Pliny iSoody, 
Esq., who more than 40 years ago, dugup the first fos«l footmark ever noticed 
in Uiis valley. 

Group 3. 4 Sleropoioum, C 
gantior ; 5 Ar^zoum, (npync and ^ 

digitatum, 4 pari-dimtatum, 5 minimum ; 5 Plotj/plernu, \tautbs lum ttt-ijjbij 
' DeanianUB, atenure; 3 delleatulus. 

GhoPf 4, 7 Orni&opus, (opvit and ira() 1 Adamsanus, 3 gallinaceus, 3 
graciUor, 4 loiipes. 

Gnoup 5. 8 Pdemankus, (paXtfi^p^"*) ' fiiS^! ^ Pliclropas, (n-XnirrfHir 

and 'rat) 1 Baileyaniis, 3 Emmonsieniis. 

" "~ " '1 Patamopus, {mXaiin and nai) 1 anomalus, 3Dananus; 13 

snlal) 13 Anainmpvs, 
■■;!) 1 soambUB, S Barrattil ; 1 4 Harpidadybis, (Jiki] and iurviui) 
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a and n-a;) I heteroclitiuj 



Group 10. (BatncliialjlS 77iOTorDpt[B,King,(to«(iBndirsf) Iheterodae- 
Wlu8, in Pennsylvania. 

Group 11. (Annelntn, Oaen, Annelida,) ^ Herp'jateim:m, (loTraar^i uni 
^ui9t) 1 Majahii, 2 minutuiu. 

Gnocp 12. (Obscmo) 31 Hurpagnpas, (apnaya and ->•:) 1 gigaateua, 3 
Hudaoniiis, 3 ilutnua. 



ir togetlwr. It is copied fiDm a slab in [he cabinet of Amherst College, 
obtoiDed at Turner's Palls. It eihihits four rows of a biped, ot bird ; one 
row of a qiiajruped, vibose hind foot was the largest, and two rows of what 
ia BuppoBed to be the iracli and the trail of a torloiap. The whole slab ia 
covered also with rain drops, which full after the tortoise had pasaed over the 
mud, but before the passage of the other animala. It will be seen that the 
joints of the toes aie dietinctlj manifest in the bird tracks. 




Veecr, 'I'he fcure following shows another slab from the same locality, 
obtained by Mt. Deitcr Marsh, of Greenfield, and now in his cabinet. Thia 
exhibits seven rows of the bird tracks, two of unequal-footed quadrupeds, and 
two of a laiUnse, This slab U about seven feet by four and a. bolf. 
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I-'GSaiL FOOTMAKKS. 




Doer. Tlie next figure will convey an idea of Ihe footmarks ibuniJ in ilis 
coal ibrmayon of Western Pennsylvania, as figured by Dr, A. T. King. They 
were made pn>bablj by a Batiachian, or a Cheloniaa, whose &et vete semi- 
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laf. These footiuarlts wete probably made in most cobcb along the bIiojC 
of an esluary, either beneath (ho water, ot Iwtwpen hi^h and iuw tic!e mark. 
That many of thpin wcra improased on dry land, is obVioua from the numer- 
ous impTeEsioDB of rain drops (to ba described below) Ibund on the same gar' 
&ce. In such cases the returning tide or rirer ftouils, brought in silt and 
sand enough to preserve the iinpreBsions ; and there they might have been 
kept thousands of ages, uoinjurco, before the mud was hardened into stone. 
For the arguments to show that some of these trades were made by birds, and 

others by quadrupeds, I musf "'" " ' ■' " ' - ■■■' 

divjBtUa, Va.. 3. p, 508. Ti-a 






Itw 



3 peen that 

13 of the human 



:don 



\ adduce as 
whKhw 






tltc biuilis of the river Misais^pjM, in front of the eity of 8t. Louis, in Mis- 
souri, and which hare been described by Mr. Schoolcratt in the 5lh volume 
of the Auicrtcan Journal of Scicoce. I omit them becauae I do not think 
there is sufficient evidence l.hat they are natural impressions. They occur in 
a blue limestone, containing an abundance of encnnltes and oUicr analogous 
remains, and which is prolvably the cKrboniferouB hmestone of Europe. J^ea- 
thei-elonkaugli's Report, ISAh. -p. Bft, <f«. 

Rsm. 3. If anv are in fluubl whether these footmirlis are the work of art, 
let him consult a paper by D. D. Owen on the 3Ub>ccl in the Am. Jmr. Sci., 
Vol. 43, p. 14 ; and he mill be satisfied that they wore excavated by man, to 
indicate the low water mark of the Mississippi, 

~ ' B of this country were in the habit of 






\s that the abocigines of this country in 
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cntdog figures on soft rook, repreaenling the feet of birds and quadrupeds. 
These, af^r long expoauTe, sametimes appear so natural thii.t they have be«n 
mistaken for real tracks, especially in Pennsylvania. But the fact that on 
the samo rock ore EometimeE seen repreaeutatioQS of arrows, human bodies, 
&c., hoving the amie appearance as ihe tracks, (and I am assured by gentle- 
Qieu who )mte eeen them that such is the case,) settles the point that tliey are 
nf artificial origin. Ajner, Jaarn. Set., Vol, 2. p. 95, Nnc Series. 

Impressions of Rain Drops. 

Descr. In the same formation of red sandstone that contains 
the footmarks in England, are found most distinct impressions 
of what appear to have been drops of rain. In the StoretoD 
quarry,. where are found llie tracks of the ehirotherium, " the 
under surface of two strata at the depth of 83 or 35 feet from 
tlie top of the quarry, presents a remarkably blistered or wateiy 
appearance, beiag densely covered by minute hemispheres of 
the same substance as the sandstone. These projections are 
casts in relief of indentations in the upper surface of a thin sub- 
jacent bed of clay, and due in Mr. Cunningham's opinion to 
drops of rain." Lojid. and Edin. PMlos. Mag. 1839. Some- 
times these impressions are perfect hemispheres ; in other cases 
fhey are irregular and are elongated in a particular direction as 
if the drops struck the surface obliquely : appearing in fact as 
if a wind had accompanied the rain. 

Descr. Specimens corresponding to the above description ex- 
actly, are very common and cover large surfaces at Wethersfield, 
in Connecticut ; VVest Springfield, Northampton, South Hadley, 
and Turner's Falls, in Massachusetts. They are abundant, also, 
New Jersey; and Mr. Lyell describes them on the hardened 
red mud of Nova Scotia. Travels in Nort/i America, Vol. 2. 
p. 140, Furthermore, I have produced precisely the same inden- 
tations upon clay made plastic by sprinkling water upon it, and 
the same impressions may be seen at almost every brick kiln. 

Bern. It is a most interesting thought, that while millions of men, who 
liave striven hard to transmit Bonie tmce of their existence to (iitore genera- 
tions, have EUnk into utter oblivion, the rample tbotstepa of animals, that cX' 
istcd thousands, nay, tens of thousands of years ago, should remain as fresh 
and dialinot as if yesterday unpreSBed ; even though neariy every olhet ves- 
tige of their existence has vanished : Nay, sM more strange is it, that even 
thepatteiiag of a shower at that distant period, should have left maibs eqnally 
distinct, and registereil with in&llLble certainty, the direction of the wind I 
ArMenda. 

Dticr. The following list of all the fossil plants found in the rocks up to 
ihe year 1845, with their di^ribution in the several formations, by M. Gkep- 
pert, has just met my eye, and is too important to be omitted. 

Graywacke, or rocks older than the carboniferous, 8 53 

Carboniterous System, 21 819 

I^wer New Red or Permian Sysleni, 7 58 

Triassic System, 18 86 

Lias, 13 "IS 
14* 
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)P.-TIKENTS ELEVATED. 



Wealden, 

Cretaceous System, 
Tertiary SyEtem, 
Unknown Geological Position, 
uari. Jour. Ged. Soc., Vol. 1. }>. 561!. 

General Inferences. 

Jifiii. I liavo pEiEEed over several important inferences dcrivuJ chiefly fwi 



paliBODtoIogy, because they wero not dcduciblp from any one stiiteiueiit Ihal 
nas been made, and I thought it best to present them in tlie conclusion of tbil 
section with a summary oftbo proof. 



Inf. 1. The present contioeDtsof the globe, (except perhaps 
some high mountains,) have for a long period constituted the bot- 
tom of the ocean, and have been subsequently elevated. 

Proof 1 . Two thirds at lenst of these continents are covered 
with rocks, often several thousands feet thiok, abounding in 
tnarine organic remains ; which must have been quietly depo- 
sited, alocg with the saad, mud, and oalcareous or ferruginoua 
matter, in which they are enveloped, and wjiich could have ac- 
cumtilated but slowly. 2. The secondary and primary stratified 
rooks are almost universally fractured and raised up at various 
angles, just as they would have been if lifted from (he bottom 
of the ocean by a force acting beneath them. 3. Anticlinal 
ridges are so frequently fouadwith a cucleus of unstratified 
rocks, as to point us to a sufficient cause, viz. volcanic agency, 
for the elevations that appear to have taken place. 

Bern. This inference is to be legaided as probably the moat important 
principle in geology, and as establisheci on an iimnovablo foundation. 

lif. 3. Different continents, and different parts of the same 
continent, appear to have been elevated at ditferent epochs. 

Proof. Let A, B, Fig. 87, represent a mountain ridge, with 
an axis a of unstratified rock. Let the three systems of strata, 
bh, cc, and dd, I'est upon the a\:s a, and upon one another, un- 
conformably, and dip at different angles, except dd, which sup- 
pose horizontal. Now it is obvious that the formations cc, and 
bb, must have been elevated previous to the deposition of dd ; 
otherwise the latter would have partaken of the upward move- 
ment. And if there be no regular member of the series of rocks 
wanting, between d, and e, it is obvious that we thus ascertain the 
geological though not the chronological epoch, when cc was ele- 
vated, cc, however, is unconformable to bb ; and therefore bb, 
was partially elevated before the deposition of cc : in other words, 
bb has experienced at least two vertical movements. Now this is 
a just representation of the actual slate of things in the earth's 
crust; and hence by ascertaining the dip of the formations that are 
in juxtaposition, we ascertain the different epochs of elevation. 
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EpocJis of Eletmili,!. 

Facts. By the application of these principles, it is found that 
the mountains of Ijurope have been elevated at no less than 
twelve different epochs ; the oldest of which da1.es as far back 
as the time when the slates of Westmoreland were tilted up: 
and the most recent, (the principal chain of the Alps,) is said to 
be subsequent to the deposition of the tertiary strata. So far 
as the subject has been examined in this country, it appears that 
five or sis systems or epochs of elevation can he traced in our 
mountains : though since the deposition of our secondary rocks, 
scarcely any movement has taken place ; and though Elie de 
Beaumont suggests that the elevation of the Andes was so re- 
cent that it may have produced the historical deluge, yet the 
eastern »ide of our continent is probably of an older date than 
most of Euiope 

Prm Acionhng to Die Jc Bcaumojit, to whom we aro indebted for 
the first pitpnBive eeneriUiiations on this subject, nlthough Von Buch and 
other geologists had previoi^aly made local applications of the same princi- 



Tallel I. 






" to the 11 mi eircamfcrence ol the earth's sur&ce ;" and hence he infer* 
that moantnin chains were elevated at the same epoch, even thougii on dif- 
ferenlcoutintnts, if they are paralteh that the chain or the Alleganies, for 
instBDce, belongs to a system of elevation which includes tlio I^renees, part 
of the Appenines, the moantains of the Mor«a, a part of the Hartz moiuv 
tains. Mount Atlas, and oUier ridges in Africa, the Carpathian monntuns, 
Mount Carmel, and Sina), a part of the Caucasian chain, and the Ghauts. 
In the present state of our knowledge of these mountains, this conclusion 
is unwarranted; (or it is admitted by Beaumont, that systems elevated at 
different epochs may be parallel ; and until the geology of these monn- 
tuns is better understood, tt cannot be known but that these belong to 
different parallel systems. See l/ijeWs Prin. Geol. Vol. 1. p. 304. Yet if 
leems capable of inathematical demonstration, that li?aurcB produced by 
an elevating force acting beneath a portion of the earth's crust, will be 
parallel when no two consecutive fissures are remote from each other ; and 
if another set of fissures be produeed, by the force acting unequally at dif- 
ferent points, these will be parallel to one another, also ; and approximately 
perpendicular to the first Bel, Hence Beaumont's principle may prove troa 
over large areas ; but much more eitensive observations will be necessary 
befi)re it can be applied, eicept in hmlled districts. PkilUps's Geohgt/, f. 
269. 
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Inj 3, The convulsive movements by which systems of 
strata were elevated, appear to have been in moat instances 
shovt compared with the intervening periods of repose, during 
wbich successive formations were deposited. 

Proof. 1. The deposits appear £(eneraUy not to have been 
disturbed by any elevating force while in a state of formation, 
as this would have changeJthecharacter of the organic remains ; 
7)« la Beche's Theoretical Gfology, Chap. 12, and the period 
of deposition must have been in most cases very protracted. 

2. Had the elevating force been going on slowly diirBig the de- 
position, the lower beds of the formation ought to have a greater 
dip than the upper beds ; which is rarely found to be tlie case. 

3, Paroxysmal convulsions are sufficient to account for the ap- 
pearincEs in most cases of the elevation of the strata. 4. In 
most cases there is no evidence of any long interval between the 
deposition of two rocks whose position is unconformable. 5. 
Soma <:ingla local dislocations are of e ormou z amo n g 
to 3000 or 40i)0 feet ; as in the Pem e eg on o the no th of 
England : and it is difficult o co ce e ho v s 1 faul s ould 
have re'iulted from a success on of m nor fo a t ng th o h 
long intervals. 6. The doc mes of n ernal heat f adn ted 
furnish a sufficient force to ele a e he h ghe t mo ta ns bj a 
■nnglp effort. PlnUijiis G o j p faO 

Ib.111 The inlerv,^ between edpos n of con ue a may 
BOiQptimis hnYB been very grr f measu d cb no ay sp a y 
where one member or morB of he sen a of Ss a man ng I e E» 

whHt mrt of tbis inWrvnl the elevation of the strata took place. It is chiefly 
on tbia ground that Mr. Lyell altempta to overtliriiw the whole of Beau- 
mont E reiEonin>;E bolI conclusion? on tbis subject. But it aeems to me that 
he ha? pliown only thut it ia difficult to fis upon tbat point in llie interval 
between tivo consecutive rocks, when the convulsfvo movCEnentB took place ; 
and (hit tliE! fundami'ntal principle of Beaumont's theory remains unaf. 
fccted ? nd in resppct So tbe ciact geolo^col lime when the elevation 
' is, to sBy the least, vory probable that it took place just at the 
of the pecioil during which the elevated rock was in a course of 

only known reason why its deposition was brought to a close. LyeWs Prin- 
ciplf/nf Geelogu, Vol. l.p.3o4. Other writers have oiJduceci various objec- 
tions lo (he views of Eecuinont ; as Dr. Bone, for instoDce, in the JtnimiA 
d' G I '"., !e, Tcine 3. p. 33S. 

Iiif 4 It is maintained by Beaumont, that the changes in tiie zoologi- 
cbI and botanical chaiacteia of tile formations, correspond in genera) to 
the epnchn of elocation: that is, the period of elevation Eeema tu have 
been the time lor t[ie destruction of oiie group of oreanic races and the in- 
iroducdon of new species. But ihoagh this may be generally, it is not 
OEUally true. No great change, lor instance, appears to have taken place in 
tbe organic cbamcters of rocks below the zechstein inclusive. But tliis may 
in part be eiplained by tbe fact that all ol neatly all the animals before that 
period were marine, and consequently might very probably survive tbo up- 



t*rmimtion of tlie period during v 
formation for such a convulsion 
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bOfBt of a continent; aince viulent agitation of tlic waters would be tha 
■jrineipal effect. 

Inf. 5. In many instances the rocks appear to have suffered 
one alternation or more of elevation and subsidence. 

Proof. 1. Thu phenomena of what is called the Dirt Bed, 
of the oolite formation in the isle of Portland, in G. Britain 
{See Fig. 46.} are perhaps the best example in proof of this 
proposition that occurs. In a bed of black mould, lying between 
the Portland stone beneath, and the Purbeck stone above, (both 
of them oolitic limestones,) there esist large prostrate trunks, 
and erect stumps of cycadete, or tropical trees, which must have 
grown on the spot where the stumps now stand. The follow 
las, conclusions seem to he fairly inferrible from the facts de- 
tailed. I, That the limestone beneath this dirt bed was depo- 
sited at the bottom of the ocean. 2. That this bottom must 
have been elevated above the waters long enough for the accu- 
mulation of the soil and the growth of the trees. 3, That the 
surface was next submerged beneath the waters of a freshwater 
lake ; next beneath an estuary ; and iiest beneath a deep sea, 
long enough for the deposition of strata 2000 feet thick, 4. 
That these strata have been subsequently elevated into their 
present terrestrial state in England. BucIdd-niTs Bridgewaiei 
- ■ :, Vol. l.jj. 495. 

y, 'I'he coal formation may be mentioned as another example 
in point. In these formations there is sometimes an alternation 
of marine and fresh water remains, and always an alternation of 
coal with shales and sandstones. Hence some geologists are of 
opinion that the land, where the vegetation grew that formed 
the coal, nuist have sunk and risen again, every time these al- 
ternations occur. Others, however, suppose that the coal plants 
grew on low ifilands of tropica! archipelagos, and were trans- 
ported into fhe bottom of the ocean, or of estuaries, when they 
were covered by deposits of sand, clay, and limestone, and again 
by other beds of vegetables, until a great thickness of these in- 
tsrstratified layers had accumulated. Freshwater and marine 
relics sometimes alternate in successive strata of the coal mea- 
sures, because in an estuary the salt water would occasionally 
prevail over the fresh water from the river which emptied into 
It. See De la Beckys Manval, p. 444, Also his Tkenrelical 
Geology, p. ■264. MaccullocKs system of Giology, Vol 2. ji. 3 12. 
PkilHp^f Geology, p. 116. 

3. A third example is the alternating strata of freshwater 
and marmc deposits in the tertiary series. But in this case, 
rilso, it is very possible to conceive how' these alternations might 
have been effected by the ■■■ -"*-—■■ -^ - 
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v>l 'he sea in an estuary as explained above. Pkillvp^ 
Geohgy, p. IG4. 

Rem. Fzaniples of more recent elevation and subsidence will be given iii 
aection VlII : Where will also be found the various theories proposed for tb« 
JxpJanalion of *he phenomena of elevation and subsidence. 

J-nf. 6. From the phenomena of organic remains, it appear* 
that the species of animals and plants now existing on tte globe, 
ftonld not, with a few exceptions, have been cotemporaries witl 
those found in the rocks. 

Proof. I. If they had been cotemporaries, no reason can be 
given why the remains of the living species do not occur in the 
rocks ; wnich, with the exception of a few hundred species in 
the more recent tertiary strata, is well known to be the case 
2. Comparative anatomists decide from the structure of the ex- 
tinct animals and plants, that they were intended for a climate 
and other pliysical circumstances so different from those now 
existing, that the organic beings adapted to one state, could not 
have endured the other. The period of the tertiary strata is 
the only exception : and even then, the climate appears to have 
been in high northern latitudes nearly as warm as at present 
between the tropics, until near the close of the period. 

Itif. 7. Hence too we learn the mistake of those, who are in 
the habit of pronouncing very confidently that certain organic 
remains are petrifactions of existing animals and plants. For 
if they are obtained from the secondary rocks, the presumption 
amounts almost to certainty, that they cannot be the representa- 
tives of existing species. 

E.rajii. Fossil trees are called oak, maple, hemlod!, &c. fibrous treiBoIUo 
and some varieties of mica and talcose elates, ure called petrified wood : en- 
ciifliteg are called Gflakes: coal plants are called rattle-snakes : tavosites and 
certain tbasil shells are called butternuts and walnuts : soma varieties of an- 
cient polyparia are regarded as the horns of deer, others as petrified pork : 
and even petritied squaws, pappQoses, and buHaloes have been announced as 
existing in the fur west. It is often amusing to see with bow much conG- 
denco a man ignot.int of zoology and botany, will pronounce upon these 
supposed cases Lpf identical ness. 

Inf. 8. It appears that there ha\e been ijon the globe 
several distinct periods ot organized e\istei ce in which pir- 
ticular groups of animals a \ planti o\.t th tdnpttd to the 
varying physical condition of the globe h'i\e been created and 
have successively passed ai a> 

Proof. If we take onlj those larqiir groups of animals ind 

EI ants, whoso almost entire distinctness tcom one anther has 
een established beyond alt doubt, we shall still find at least live 
nearly complete organic revolutions on the globe; vii. 1. 
The existing species, 2. Those in the tertiary strata. 3, Those 
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in the cretaceous and oolitic systems. 4. Those in the upper 
new red sandstone group, 5. Those below the new red sand- 
stone. Comparative anatomj' leaches us that the animals and 
plants in these different groups could not have lived in the same 
physical circumstances. 

Rem. I. The palffiontolopcal chart, ns well as Ilia palfflontological clasBifi- 
cation dficribcd nt the end of Sect. 1st, exhibits eeven distinct ^ups. Bui 
Bome of these ore tiotenlitPly independent of one another i that is, EOine ape- 
ctes sre common to two groups. This SaiA, bowcver, does not mtlitats against 
the general principle of the above inference ; since a few species may have 
survived the causes by which particular groups were destroyed. Nay, if with 
some geologists we admit that the destraction of old, and inlrodiiclion of new 
species was gradual, the proposition would still remain true. If only tba 
xrcater part of Che species have been changed severid tious, it establishes tlie 
inference. And these have been essentially cbaoged, certainly as many as 
six times, as shown on the palieontological chart ; and therefore, I prefer to 
speak of seven distinct periods of organic life on the globe, rather than five. 
But from the neit remark, it appears that five tntiiily disiinct periods can ba 
made out 

Rem. 3. It appears ftom the following quotation by Dr. Smith, {Seripturt 
and Geoiogy.p. 5J4, second Ed.) that Deshayes, an eminent paleeontologist, 
is able to mAe out five distinct periods of organized existence, besides that 
now pas«n£, on the globe. " M. Deshayes has lately announced that he had 
discovered, m surveying Che entire senes of fossil anhnal reauuns, jtD« grmt 
groups, so corapMely iSdependeat, thai no species 'ahaleter isjbund in more 
ilion oils of iheia. The Srst of those a;roup3 is that to which Inlobites give 
tlie character ; the three succeeding belon? to the ByBtem of the large sauiians, 
and the fitlh includes the systems m which I have pointed out tbS paheothe- 
lia, the uiastodons, and the elephants." D'Omalius iPHatioy, Elem, da Ga^ 
p. 197; Pqj-w, ]8a9. 

Obj. Perhaps the deposits containing these difTercnt organic groups, may 
have been going on at the same time in ditferent countries, or m oifleient 
parts of Ibc same country. 

dnmeer. Although all the rocks composing these diOerent systems are not 
Ibund piled upon, one another in any one place, they are all ibund so con- 
nected at different points, as to prove that they were formed successively. 
Yet where any are wanting in the series, as the Wealden, for instance, in 
North America, the interval during which these were forming in par^ctdar 
localities, may have been occupied by a prolonged deposition of the next older, 
or 1^ an earlier commencement of the next newer rock. Most probably how- 
ever, the so " ■ ■ - ' .-.-.^- .t™- ..... ...... 

nwl 

The Ptttom/otericoi Charl append d mp ssing upon 

the mind the origin, expansion, and termina gan beings that 

have lived on (he globe. In order to make it m un es ought to be 

more extensive. 

Inf. 9. It appears that amidst all e d f organic 

Jife that have exisfed on the globe, th ame g ti al ystem has 
always prevailed. 

Ilhs. 1. All the leading forms f an a n that now 
exist on the globe, have existed fro h b g : for in. 

glance, all the four great classes cf al he Vertebral, 
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Molluscous, Articulated, and Radiated, and the two great olaa a 
of plants, the Vasculares and the Cellulares, The relaitvo 
number of species, however, in these difTeront classes lias variea 
very mucli at different periods. 2. Carnivorous racea have 
always existed to keep down the excessive multiplication of the 
herbivorous races. Thus, when the sauroid fishes of the earliest 
rocks disappeared, their place was supplied in the more recent 
secondary strata, by the voracious marine saurians ; and when 
these became extinct, sharks and other pi'cdaceous fishes, mora 
like those now existing, mads their appearance. So among the 
molluscs. During the deposition of all the secondary rocks, 
carnivorous cephalopoda abounded ; such as the nautilus, am- 
monite, &c. : tint in the tertiary strata, and in our present seas, 
these are rare, and their place is taken by carnivorous trache- 
lipods, which were not common at an earlier date. Sacklaad's 
Bridgeinater Treatise, Vol. 1. p. 298. 3. From the eyes of 
trilobites and the orbits of other animals found in the rocks, we 
learn that the same relations of animals to light always existed 
as at present. 

Rem, It has b;en observed in nnotlier place, (p. 03,) thtit no plsnta tmvu 
been tbund below the upper part of the Silnrian rocks ; yet it secma certain 
that they must have existed as early as animala. It is also true, that no ver- 
tebral aiiiniijls have been fouod in Iha lower Silnrian groap. Hence a. 1^ 
tmoayiuous writer very strenuouEly maintiunB the iloctTineot the creation and 
gradual devolopniiint of animals by law, without any spcsial creating agency 
on the part of the Doity. VssUges qf the Natural Hlstonj qf Via Oea- 
thn, and a Sequel to Ihe Same: Neie York, l&H ar,d IStG. But the facts 
in the case ehow us merely that t!ic diircrant aniinals and plants were 
introduced at the periods best adapted to their esistcncc, and not tliat 
they wore gradually developed from moQads. In the whole records of geo- 
logy, there is not a single fjct to mahe such a metamoFpliosis prebahle; hut, 
on ttie other hand, a mul^ude of fects to show that f ha Deity introduced the 
diSbrent races just at the right tinw. That he did this according to ccdflin 
laws, though not by thdr inherent force, — for laws have no such ibrca — may 
be admitted ; as oiay be done in respect to alt his operations : hut this does 
not prove ttiem any the less speeial or miraculous. To find as wo cio, verte- 
bral animals as law down as the upper Silurian strata, is nearly equivalent (o 
finding them at tha very imttom of the series | since the uppsrand lower Silu- 
rian periods appear to have been but parte of one period. It is also true, that 
almost evety year brings lo light some fact proving the earlier eiiatcnce of 
the vertebral animals. The tbssil tbotoiarfcs £>und in Nova Sco^a and Penn- 
sylvania, for instance, in the lower part of the carboniferous rocks, dcmon- 
Btrats the existence of ropHles at that early period. In short, wo may con- 
sider it as proved that all the great classes of anLnala and p^ts have been 
represented on the globe so near tho commencement of organic life, that no 
geolo^t will doubt that it was so from tiie very beginning. Certainly no 
geologist will imagine that his science fumishea any ovidenec of the develop- 
ment theory. 

Inf. 10. It does not appear that any of the ancient fonris 
of animal or vegetable life can be properly regarded as moa 
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general extremely sloiv. The lakes 
do not shoal at the rate of more than 
Macculloch's Geology, Vol. l.p. 507. 
full view of the arguments oa this subject in Dr. J. 
Pye Smith's Lectures on Scripture and Geology, p. ZSi. Second 
London Edition, 1840. 

formed al the pte- 
he last 800 y«m, 
feet in thickness. 



ObJ. 1. The rapid Qiniiner in which Bome rlcposit! 
Bent day : ex. gr. in the Uke of Geneva ; where, will 
the Rhone has formed a delta two miles iong anJ 
Lj/eWs Prin. Geol., VoL l.p. 433. 

Ana. Such examples are merely excepfions to the general !aw, that rj 
lakes, and the ocean, are filling op with extreme slowness. Hence such 
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malculi ] I 11 iinoil 'liuw tlipt similnr dp- 

^'^ns Ilu'i'iniK b]«nt. If li I r^r iDimnla, found fosBil, have a 
power of increase that will com]!are at nil mtb Che iinonishm)r multiplication 
of animilcula, (ho olij ration will bLTahil but not till then ajiu this ecu cetcl 
be Bhown 

Obj 4 All tho "nH=i'- proilocing rockfl may have operated in ancient 
Lines witli viBli/ more mt nsitv tlian at present 

Ans This, if admit"! [I, nu^lit cTplam the mere acemnulalion of materials 
to form rofko liut it iieuU not ao-onnt for the vast numbe of clionges 
which toek jil II m th !i - im nl in 1 orginir chinctrre which could have 
taken 1 1 ii' ' i ' r ij k nf time 

Ol; I > i n=l aa we now 

findth, „ I I line 

Ani I I I Ll the probability is 

denitd It 'i I I I ' iinLhingcd elephants 

andrhinic i ii ^iliei I il ]itiii i | lu liii i mbitis and torebnitula! 
of the tiinsitit^o oliJ-ta. wiru ii,^cr U i^ u mua's, I „iyc up thp whole 
groundn ork of analogical reasoning , and the whole ot physical science fiJls 
lo Iho ground but ^ i? UBciess formally to reply tORnol jectionwhichiTould 
never bo idvanced by an; maii,Tiba hod oier eiammed cm n a cabinet col- 
lection ol organic remains. 

/n/". 12. There is reason lo suppose that immense numbci-a 
of the softer ispecies of animals, which have no holid parts, may 
have lived and died, during the deposition of the older fossili- 
ferous recks, without leaving in the roclis a vestige of their ex- 
istence. 

Proof. Limestone, (tliat is, the carbonate of lime,) being then 
less common than at a later period, it is probable that anima!a 
not needing it to form a covering or a skeleton, would have 
been created ; since we find that in all periods living beiDga 
had natures exactlvrdapied to their condition. Again, we find 
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LIFE.'- 171 

many of the older secondary limestones highly bituminous ; and 
the decomposition of soft and gelatinous animals ivould have 
produced a large amount of bitumen. De la Beche's Manual, 
p. -176. 

Inf. 18. Thegreaterpartofthe accessiblecrust of the globe 
may once have constituted portions of the animal frame. 

Proof In respect to limestone, which has been thought to 
titute about one seventh of the earth's crust, the presump- 
in la\ or of its animal' origin, seems quite probable : that is, 
11 tl f f gl" f 'ta th 

bo M 
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SECTION VI. 

OPERATION Of AlitlEOlIS AND ATMOSPBRIC AC^.N 

Prtn. The basis of nearly all correct reasoning if 
U the analogy between the phenomena of nature in aH period 
of the world'a history : in other words, similar effects are sup- 
posed to be the rssult of similar canses at all times. 

lUu^. and Proof. This principle is founded oji a belief ic 
the constancy of nature : or that natural operations are the re- 
sult of only one general system, whieh is regulated by invariable 
laws. Every other branch of physical science, equftlly with 
geology, depends upon this principle : and if it be given up, all 
reasoning in respect to past natural phenomena, is at end. 

nim. It does not foliow from this ^irinciple tliot Ihe e^iuscs of geological 
cliaiii;i> have always operated with equal intensity, nor ivitli entire uniformity. 
Huw|rrejt haslicpn the irregiilarity of their action, ia a subject of debate 

laf. We see from the preceding principle. Low important it 
is to aaocrtain the tme dynamics of existing causes of geological 
change : that is, the amount of change which they are now 
producing. Por until this is done, we cannot determine whethei 
these causes are suflicient to account for all the changes which 
the earth has undergone. 



Glaciers. Avalanche.% Icebergs, anil Landslips. 

Jiesar. (Glaciers are masses of ice which are enclosed in Al- 
pine -vallcvs, or are suspended upon the flaiilis of the mountains 
which rise into tba regions of eternal frost. Being of a white 
color, they appear at a distance like vast streams of snow issu- 
ing from lofty summits, and extending into the lower valleys, 
In tho Alps, v.'here the large glaciers have received disfinci 
names, as Bossons, Montanvert, Aletseh. Vissch, ftc, they ter- 
minate sometimes as high a.=i 7000 or 8000 feet ; but some de- 
scend to 3000 feet. They are sometimes three miles wide and 
fifteen miles long : and their thickness at the lower end varies 
from 80 to 100 feet, and at the upper end, from 120 to ISO feet, 
Ehi/ies sar les Glaciers par Agassiz, Neachatel, IS40. From 
this most interesting work, I derive nearly all the statements 
that follow respecting glaciers. 

Descr. Glaciers are composed of r;now that has been more 
or less melted and again frozen. The lower part becomes pure 
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GLACIERS. i-3 

eo!fc.\ ice : the i«.ppe^ jrt.i'i rs composed of a sort of granular snow, 
nailed ill Fremli, nave, unil in German, fini. A new layer is 
added at least euuti year, so tL<it the mass is stratified. 1'he up- 
par surface is routjii and sometimes covered by pointed masses 
of ice, called Aiguilles or iVeedles. Fissures across the glacier, 
20 or 30, and simeiimes eren 100 feot wide, are very t^mmo^J, 
produced by the unequal temperature of different parts of the 
mass. The slops of glaciers is frequently quite moderate. The 
lowar end of the glacier of Aar, which is 15 miles long, is 3000 
feet below the upper end. The slope of that of Aletsch, is 2° 
58 : that of the mer de glace of Chauraoni, is 3° 15. 

Descr. The crests and higher parts of the Alps, which are 
frequently vast plateaux, or table land, containing iOO. 200, or 
oven 300 square miles, are covered with thick contmucms masses 
of ica, through which the lofty peaks sometimes rise as volcanic 
mountains from the ocean. Tnese plateaux are denominated 
M'rs de Glace, or seas of ice r and from them the glaciers 
originate. The mers de glace by expansion, send down the 
sides of the mountnln. especially through the valleys, enormous 
streams of ice, whith continue to descend until they are melted, 
'i'lio common opinion that the glaciers slide down the moun- 
tains by their weiffht, ia found to be incorrect ; as they are not 
detached from the -/ner de glace ; and it is only the lower part, 
where the ground i 1 w d b th th t I'd th 

face, and that by th p h h w 

do not slide at all o h m 

m:is. To i;ive a mo g er oa w 

of tlie epieuilid <lr»wi g h S G m 

e:tecnlod on wood. T bee wU edhrtisas 

to irivQ ulitiOKt ns gnoi th m g rs as 

Dfi^jinals. Fi^. 68, is a KP P g "» 

proceeds from the distfint mer dc glace, and winds through the long valley. 

Descr. When the slope down which the glacier descends is 
very steep, or it is crowded to the edge of a precipice, huga 
masses sometimes are broken off by gravity, and tumbling down 
tho mountain, produce great havoc. In the Alps these are 
called avtilanckes ; and so large are they sometimes, that from 
one to five villages, with thousands of inhabitants, have been 
destroyed in a moment. 

DjKr. IjindslipB are a somcwlial similar occurrence, happening in 
countries where perpetual frost does not e:(ist. They frequently occur in 
tlia spring, when the frost leaves the soil, and the great weiirht of snow and 
ice dragd along with it trees, soil and rocks, down the mountain's side. 
Sometimes these slides tekn place in the summer, after powerful rains; al 
Ihat in the white Mountains in 1820, hy which a family were destroyed. 
Marks of ancient elides are visible on the sides of the Hopper on Saddle 
Mountain in Massacbuselta. 

1.5* 
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MOlijlIKES. 175 

Desu ^^ hf 1 a\A uiolies occui on t steef lioits of llio 
Doein in higli latitudes, the niaBB of ice, loaded perhaps with 
deliituf 18 piecipitated mlo the sea aud constitutes an iceberg 
These icebergs arc drifted often to i gre-it distance by oceanic 
ctirients Ihose from thenoithern ocean aie seen as fai south 
IS 40^ N 1 ititnae The^ t e somelimea a mile in diametei, 
and USD 250 or 300 feet ibo^c tie surface and consequuitly 
inu'-t 6ink nore ban 300) ftct b low, as eveiy cubic foot 
abo\e implies 8 cubn, feet below the surfice They weie 
osoeedingly numerous and largo in tlic Atlantic Ocean m W, 
longitude about 50, reaching probably from N. latitude 40° to 
48°, in the spring of 1B41. N. York Mercury, June 10, 1841. 
Capi. HosketCs Statement. 

Sius. Fig. 90, bIiowb (be lower extremity of llio glnciGr of Wettch. in the 
Alps, wtiere it enters the lake of Aictsoh, which it tonuerly caused to over 
flow with m&t devastation. Slasaes of ice are freq^ueutly bioken oil ind 
float alioul m the Inke, aa shown in the figure. This is <ne ot the laiwest 
elaciers in the Alps. 

Descr. As glaciers advance, ihey break r 1 mT^ses of lock 
from tjie sides and bottoms of the valleys, and crowd aljog 
whatever is movable, so as to form large accnmulationa of 
detritus in front and along their sides. U hen the glacier 
melts away, these ridges remain, and are called r oreincs Agis 
eiz describes three kinds: 1. The terminal moraine, or that at 
the estromity of tbe glacier ; 2. Lateral moraines, or ihose 
ridges fif detritus formed along tbe flanks of the glacier They 
ore thickest at their lower part, and decrease upwiri]= 8 
Medial moraines, or those longitudinal trains of blocKs which 
sometimes accumulate upon the top of the glacier, especially 
where glaciera unite fro ' 
between them upon theii 
or 40 feet high 

Hccr At the lon< 
vault from which issues 
watei, which ramifies i 
geneial This stieam 
tion, wears out a channel i 
placer 

lUus Pig ''9 'hows tht lowfr extrcmitj' ol the gla ler of Viesch, mitti 
a distinct terminiJ monune which at the sides i>, coniiected with lateral 
morwnea A sWenm of water la seen issu ng from the glacier, wlilch hai 
worn a channel lu the rocka On Fig 83 ire shown both literal and me- 
dial morsinea th" hltcr conBidcnbly scattered 

Descr The piogre'^ of clacieia down their slope, va- 
nes with then situation and the tempeiature and hygrome- 
(no state of the ^eason foi thej nme jnly in the summer. 
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178 STEIffi OS THE H0CK3. 

In a single case tlie advance was 4400 feet in nine years. Soffii» 
times they advance lower and lower for severa] years in con- 
Beqnenee of the low temparatnre, and then they retreat by being 
melted and evaporated when the seasons are warmer. But 
these changes have no regntar period, noi are they dependent 
upon any general changes m the temperature of the globe, Aa 
the glaciers advance and retreat they produce and leave succes- 
sive moraines, especially terminal ones. 

Rem. Wolet in froeiinff enlsirgea about one ninth of ils volume. TiiT' 
net's Cheniisbnj, p. 19. Fifih Ameruan Ediiiim. 

Deser. Althoagk the inferior surface of the glsiciec is pure 
smooth ice, yet it is usuBfly thickly set with fragments of rock, 
pebbles and coarse sand, firmly frozen into it, which make it a 
huge rasp; and when it moves forward, these projecting masses, 
pressed down by the enormous weight of the glacier, wear down 
and scratch the solid rocks ; or when the materials in the ice 
are very fine, they smooth and even polish the surface beneath. 
The movable materials beneath the iee are crushed and rounded, 
and oftea Ivorn into sand or mud. The rocks in place, against 
which the glacier presses, are also smoothed and striated upon 
their sides. These striiE, wherever found, are perfectly parallel 
t3 one another because the materials producing them are fixed 
m the bottom of the ico. But as the glacier ^vances and re- 
treats, new sets of seiatches wiU be produced, which sometimes 
cross those piewjraly made, at a small angle. 

lUiis Fig SI, Bhowa a specimtii of schbtuBc sfrpentitji -miothed sji-l 
IWrnlched beneath a glHcier in tha AIp" 
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Fig. 92. 
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Disci Wh-n the Ipd^p? bii.eplh the ^iaeiers are untven, 
and exhihit many anguHr projaotiona the anglaa pre nora off 
and the surfaces issume that peculiar rounded and undulating 
appearance denominfited by Sauflsure inches mmlfm/ice^, fiome 
imperfect examples of which are shown on Figs. 88 and S9|, 
where a considerable surface near the lower left Jiand corner of 
the drawing, shows the effect of former glaciers. 

Descr. CurreBts of water sometimes conspire with the move- 
ments of the glacier, and form grooves or troughs of consider 
able depth and width on the top of precipitous rocks, to which 
currents of water could have no access were not the space arountt 
them filled with ice. Such farrows are called in Switzerland, 
lapiaz, or lofiz. 

Rem, A different tlitory to eiplain the progrosa of glaeietB than that bj 
Bxpansion, has mote recently been ad vocatfdwidi great Bbifilj by Prof JameBD. 
Forbes, aiid is generally adopted. " A glader," says he, " is an imperfect fluid, 
or a. viscous body, which is urged down slopes of a certain inclination by the 
mutual pressure of its parta.' Gravity is, of course, the '.mpelling agincv. 
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,S0 BETBi-rirs OR debris of i.sbges. 

Degradation, of Rocks mid Soil by Frost and Raini. 

Descr. WateF acts upon i-ocks and soils both chainicallj- and 
mechanically; eheimcalfy, it dissolves some of tlie substanoos 
which they contain, and thus iei>ders the mass loose and porous: 
mechanically, it gets between the particles and forces theai 
asunder ; so that they are more easily worn away when a cnr- 
tent passes over them. Congelation still more effectually sepa- 
rates the fragments and grams, and thus renders it easy tot 
rains and gravity to remove theai to a lower level. In a smgls 
year the influence of these causes may be feeble : but as they 
ale repeated from year to year, they become in fact some of tho 
most powerful agencies in operation to level the surface of cor. 
tinents. 

Detritus or Debris of Ledges. 

Descr. It is chiefly by the actirai of frost and gravity, that 
those extensive accumulations of migular fragments of lockii 
are made, that often form a talVrS, or slopa, at the foot of nalsefl 
ledges, and even high up their faces. In some cases, tbougn 
not generally, this detritus has reached the top of the ledge;, 
and no farther additions are made to the broken spoils, which 
usually slope at an angle not far from 40°. Examples of this 
detritus aie usually most striking along the mural faces of trap 
rocks ; as for instance in the valley of Connecticut river is. 
New England. 

Itif From these facts it appears that tho earth cannot havB 
existed m its present state ma immense period of time : other- 
wise these slopes of debria would in every instance have ex- 
tended to the top of the ledge : that is, the work of dagradatioB 
would have been finished. We cannot, indeed, determine from 
this geological chronometer, the chronological epoch when this 
work of degradation commenced ; but we are at least made sure, 
that the present state of the earth had a beginning. 

Rivers, 

Descr". Rivers produce geological changes in four modes : 

f. By excavating some parts of their beds. 2. By filling up 

other parts. 3. By forming deposits along their banks. 4. By 

forming deposits, caDed deltas, at their mouths. 

Exam, Most of the larger rivers, especially where they flaw through » 
level country, ace filling up their channels : hut where smaller stranms paea 
Ihrough a mountainous region, the power of excavation ia atiil going on: 
and it is aocomplislied in a good measure hy means of iVe frcsMs. U is ini- 
pjSBihle for one who has not witnessed tho breaking iip of one of theas 
■treams in the spring, when for manj iniles the whele channel heeomes 
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RivJsaa, ISl 

tjlMftlly choked mCh ice, to farm cm adcciua.tG idea cf the immense excava. 
ling force which il exerts. 

Dascr. Tlie deposit formed in tlie lalce of Geneva by the 
waters of the Rhone, has been already mentioned. Anothar 
is formed at the mouth of this river, on the shores of the Medi- 
terranean, and is said to he mostly solid calcareous and even 
crystalline rook. Lyeirs Prin. Geol. Vol. 1. p. 433, The 
delta of the Missiseippi has advanced several leagues since New 
Orleans was huUt. The delta of the Ganges conunenoes 220 
miles from the sea, and has a base 200 miles long, and the 
waters of the ocean at its mouth are muddy 60 miles from the 
shore. Since the year 1243 the delta of the Nile has advanced 
a mile at Damietta ■ and the same at Foah "ince the 15th cen- 
tilry. In 2000 y th g n f th I d t th n nth of thft 
Po, has been 18 1 f KO ml 1 tl oast. The 
delta of the Nige -t d t h t ! miles, aaid 

along the coast 300 1 t f of 25.000 

square miles, 

Descr. An imm II l^P * frngt the mouth 

of the river Ama d O , t f irfi h is swept 

northerly by the Gulf Stream. The waters of the Amazon ate 
Hot entirely mixed ivith those of the ocean at the distance of 
SiDO miles from the coast. The quantity of sediment annually 
brought down by the Ganges, amounts to 6.368.077,440 tons; 
oc 60 times more than the weight cf the great pyramid in Egypt 
The quantity of matter chemically and mechanically suspended 
in the waters of Merrimac river, that run past the city of 
Lowell in Massachusetts, in 1838, according to the very accu- 
rate experimejits of Dr, Samuel L, Dana, amounted to i.678. 
343.810, pounds avoirdupois. I'he annual amount of anthracite 
coai used in the Merrimac Print Works in Lowell, is 5000 
■ tons : and Dr. Dana estimates, that if the above amount of sedi- 
ment were coal, it would supply those works 167 years. The 
quantity of water discharged by the Merrimac in 1838, was, 
219-598.840.800. cubic feet. 

Inf. 1. The extensive deposits thus forming daily by rivers, 
need only consolidation to become rocks of the same character as 
the shales, sandstones, and conglomerates of the secondary series. 

Inf. 2. Rivers ia general have not excavated their own 
beds : but run in valleys formed for the most part by other 
causes. 

Proof. I, In a majority of instances they are tilling up 
their beds. 2. Transverse valleys frequently cross the course of 
rivers in such a way, that the water must have originally passed 
through them instead of excavating their present channels. 
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. _ a, cioadng Massaohnsetia Uiii 

left at first to iinJ ils own way to tha ocean, and the passage between Holy- 
oke and I'om (which arc io feet but one ridge,) had not been formec], it mosl 
have passed through the valley A, to the Bound : since no part of that vat' 
ley, (tluough which the Farmingtan canal passes,) Is more than IS4 ieet 
above the preaent bed of the river, nhere it runs between Holyoke and Tom. 
Ot if the bed of the river had not existed through the mountaina helow 
Middlctown in Connecticut, the river, instead of forming it, Would have 
paaseil to the Sound through the Valley B, throagh which the Hartford and 
Now Haten Rail Road now tuna, and no part of which can ba more than 
20 or 30 fist abovo (he present level of the river at Hartford 

Deser, Terraced valleys, (of one of whjcli a cros^ section is 
given in Fig, 93, at A,) sometimes esiat tn allu'\ ill or tertiary 
regions, witli the ter h 'de of eq^ual tejght and 

these appear to have b m. d ho eKcavotmg operations 

of the rivere themseh 



Made of FmnlaMim. S p 

BucoeBBivo burating away r 

strained. But it is nho 
barrieta. The slow and m pt 

will explEda all the pheno E 

far want of roaiu. It wilt be found 
MassachusiUs, Vol. 3. p. 333. 

Dr. Buctiland has recently sug^ealed that these parallel terraCE 
land are probably " the eflects oflHlceB proditfed by aiacial action, 
ij^ of ile Geolvgico,l Sr^netij, Nov. \Wi. 1840, p. 3Si. 



m formed by the sudden and 
which the river has been r& 
unpose any su:.h bursting of 
the stream upon alluMal soil 
anaUon cannot be givbn here 

Piaiil RcpKl an Ut! Geology oj 



Pig. 93. 




Otnti VaPeys 
Descr. The terriieed vaEeys aboie described e 
ted valleys of Jen iatio^, > hen produced by the denuding 
force of water and numerous vaileja of other shapes, having 
been formed in tha same maniie'*, are thus called. Indeed, 
scarcely a vallei exists that has not been more or loss modified 
by this cause. But the greater part of the larger valleys that 
furrow the earth's surface, had a different origin ; viz. the ele^ 
vations, fractures, and dislocations which the strata have ex- 
perienced. 
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CONNECTICUT tUVBH VALLEY. 1S3 
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1S4 FALLS OF KIAOASA, 

Pnmf. The phenomenn of loDeitodinal B,nd trani^TeTEe valleys pra^i xhsi 
all of them cannot have been the result of running wntar. In Fig. 94, 
which is a sketch of the vallej^ of Connecticut river, with b portion of the 
mounlainous region on both aides, it will be eeeii. that the genera.! ilircction 
of the mountain ridges, and of course of (he Yollejra, ■ ' ■• — ' 



Farmingt^n, Agawam, and Deerfieli! riiers, and also the Connecticut itsell, 
pass aoroaa these ridges and longitudinal valleya, in transverse valleys, which 
must he lieepec Ihan (he others, else Che wa(er would flow out laterally into 
the longitudinal valleys. Now it ia obvious that both sets of these vailejs 
could not have been eicavated bj water. For if the longitudinal valleys 
vrere thus formed, how couli) tho water afterWords be raised to the requisite 
level, tor culting vaileys through the longitudinal ridsesl We must there- 
ftre, Ba[^ose that one and often both of these sets of valleys ori^nated in 
the fractures and foldings of the strata at the time of theb elevation ; and 
that water has only rounded Ihcir outUnes and covered their inequalities with 
detritus. 

Def. When a valley is produced by the sinking of the strata ; 
or which ia the same thiag, hy their efsvation along two parallel 
anticlinal lines, it forms, what is l^a!led a valley of subsidence, aa 
B. Fig. 93. When hj the elevation of the strata they are made 
to separate at their highest poiat, a valley is produced, called a 
valley of el&valion ; as C. When a fracture has taken place in 
the strata, ao as to leave the sides very steep and the valley 
narrow, a ravine is produced ; as at D. In such a case the 
lower part of the fissures is usually iilled up with detritus. 

Prin, In some instances it is very difficult to decide, whether 
a particular gorge or ravine has been excavated hy eKisting 
Btreams or hy earlier agency, or was in part formed by some 
original dislocation of the strata, or by all these causes combined. 
Exaiii. The deep ravine, seven miles long, between the falls of Niagara 
and Lake Ontario, has occasioned much diaouasion among geologiets, re- 
specting its origin. The Ma are about 150 feel in hdgbt; and CTOMO tons 
of water are prectpitaled over them every minute. The upper Etra.tum of 
rock is limestone; lieneath which is shale, which wears away Gister than 
the limestone, so as to-causs the latter occasionally to break off in large 
masses ; and llie falls have been said in this way (o recede 50 yards in 40 
years. At this rate it would have required 10,000 years for them to have 
reached their preaent situation, if they commenced at Lake Ontario; and 
30.000 years longer will he necesaary to reach Lake Erie. Bat the rate of 
retrocession is yet unsettled ; and probably it wouki bo very different at dif 
ferent periods ; so Chat the time already occupied in forming ^s ravine, and 
the time requisite to carry it to Ontario, must be regarded as detei'mined only 
conjecturaliy. The geologist, however, who witnesses tlie extensive ©xcaTa- 
liona made by other streams in our country in the solid rocks, will not be dis- 
posed to reject the above cidcukitions simply hFcause they require vast period* 
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AGENCY OF THE OCEAN. IfaS 

Bursting of Lakes. 

DescT. A few examples have occurred in which 8 lake, or a 
large body of water long conftned, has broken through its harrier 
Bnd inundated the adjacent country. An. interesting example 
i)f this hind occurred in the town of Glover in Vermont ; in 
ivhirih two lakes, one of them a mile and a half long and three 
fourths of a milo wide, and in some places 160 feet deep ; and 
the other, three fourths of a mile long, and half a mile wide, 
ivere lot out by human labor, and being drained in a few minutes, 
tlie waters urged their way down the channel of Barton liver, 
at least 20 miles to Lalie Memphramagog, mostly through a 
forest, ontting'i ravine from 20 to 40 rods wide, and from 50 
to 60 feet deep ; inundating the low lands, and depositing there- 
on vast quantities of timber. Am.ericcm Journal of Science, 
Vol. i 1, p, 39. In 1818, the waters of the Dranse in Switzer- 
land, having been long obstructed by ice, burst their barrier 
and produced sEill greater desolation, because the country was 
more thickly settled than the borders of the lake above named. 
f)e la Becke's Manual, p. 56. 

fiem. It lias bi-en sopposed, that shouM the fills of Nineari ever recede 
.ftlafceEiie, a terrible inundation of the region eastward would b« the result; 
but De la Beche lias proved satisfactorily, that the only effect wonid be a 
gradual draining of lake Erie, with only a slight increase of Niagara river 
'IVi^ore'dcal Geology, p. 154. 

AgeTicy of the Oceam.. 

Descr. The ocean produces geological changes in three 
modes: 1. By its waves : 3. By its tides: 3. By its currents. 
Their effect is twofold: 1. To wear away the land; 2. To accu- 
mulate detritus so as to form new land. 

Descr. The action of waves or breakers upon abrupt coasts, 
composed of rather soft materials, is very powerful in wearing 
them down, and preparing the detritus to be carried into the 
ocean by tides and currents. During storms, masses of rooks 
weighing from 10 to 30 tons, are torn from the ledges, and 
driven several rods inland, even up a surface sloping with a 
considerable dip towards the ocean. 

JU.'-Min. In the 13th centurj', a strait half as wide bb the channel bflwttn 
Enclandand France, was excavated in 100 years in the north part of Hoi- 
Ian3 ; bot its width nlterwards did not increase. The English Channel also, 
has been supposed to have been formed in a. similar manner. In England, 
several villages have entirely disappeared by the encroachments of the sea. 
At Cape May, on the noi'th side of Dekware Bay, the sea has advanced 
tipon the land at the rate of about 9 feet in a year; and at Sullivan's Island, 
neat Charleston, S. Carolina, it aJvanced a giiarter of a mile in three year». 
R-jt iwrhaiH the ooast of Nova Scotia and New Ensiand, exhibits the most 
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r^iE^U^s Island: Cubso Bail 

J imine tlie coast of Nova ''colia and New 

Eq it amount of naked bitterel rooks and to 

Gee tiiffly where the rucks are ritber safi ivhiJa 

the capes ana iBLanua are cniefly of the haiiSest vanetira — without tomg 
convinced that most of the hathora and bays have heen produced by this 
^ency. In Boston Harbor, the outer islands are compose 1 of niked rock, 
and ^iithec within the harbor, the outer borrJers of the islands are being 
swept of their loose soil. Here we see the steady progrpss of this encroach 



h ispecu 
g. 95, wl 



fculiarly exposed to N. E. storms. 
;d from the north-cai 

Purgatoi- 



DescT. When ihe rocks exposed to tte waves are divided 
by figsuies, ranning perpendicitlai' to the coast, the mass ho- 
tween two fissurca is sometimes removed by the watev, thua 
leaviag a chasm, often several rods lone; and very deep, into 
which the waves rush during a storm with great noise and vio- 
lence. Such caverns have received in New England, the siii 
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gular appellation of purgatories. Veiy g 
flie vicinity of Newport Rhode Island 

Pr^i Si iilnr fitmtOB with the same naniB oe 
button and Gireat Earrjnato i in M-naachnsctts 





JS acle': fShigha d'^ii! 

Dar Ths thing!" oi pertectlj natei worn pebbles of a 
coast and sand are sometimes driven upon the shore by the 
waves BO as to torm beaches and sometimes even large bnwl 
dera are thus urged inland by powerful stjcms, so i^ to he m a 
row on the shore. In some cases of this sort, after the beaches 
have been formed, the waves rather protect the coast than en- 
croach upon it. 

Danes or Downs. 

Descr. The sand which is driven upon the shore by the 
waves as above described, is often carried so far inland as to bo 
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beyond the reach of the returning wave ; and thus a 
lation takes place, whieli is the Oj-igin of most of those moving 
sand hills, known hy the name of danes or downs. When the 
sand becomes dry, the sea breezes drive it farther and I'ai'ther 
inward ; the land breeaes not having equal power to force it 
bach ; and at length it becomes a formidable enemy, by over 
whelming fertile fields, filling up rivers, and burying villages. 
Sometimes these dunes occur in the interior of a country. 

Exam. Every one is familiar with the history of tlieaedunes in Egypt. 
The westerly winds have briiiight in the sands from the Lybian ilesrat, 
noc] all the west side of the Nile, with the eiception of a few shellered 

rts, has been converted into an arid waste. In UppBlS^pt especially, 
lemaina of ancient temples, paltices, cities, mil villagesfiTO numerooi' 
among tlie drifting sands. Id E^irope, arouni! the Buy of Biscay, a auni 
Inr destructive proceaB is going on. A great number of villages have been 
entirely desCToyed; snJ no less than ten are now imminently threatened 
by sand hills, which advance at the rate of GO or even 73 feet annually. 
On the coast of Cornwall in England, similar efTects have taken place 
These dunes are also common on the coast of the Uniti-d Slates, especially 
ou Cape Cod in Massachusetts ; where strcnnoua efforts have been made tfl 
arrest their progress, and to prevent the destruction of villages and harbors 
that are threatened. 

Waves and Tides, 

Bern. I. It has generally been stated that waves do not affect the bot 
torn of the ocean where the water is more than 30 feet depp. But the exact 
depth to which their disturbing influence extends, has not been accurately 
settled. 

Bern. 3, It must be recollected in estimating the power of waves to 
remove rocks, that the weight of the latter in water is not much more than 
half their weight in air; and consequently that a. much less force will re- 

Descr. In large inland bodies of water, such as the Mediter- 
ranean, Black and Caspian Seas, and Lake Superior, tides are 
scarcely perceptible ; never exceeding a few inches ; and in 
the open ocean they are very small : not exceeding 2 or 3 feet : 
But la narrow bays, estuaries, and friths, favorably situated for 
accumulating the waters, the tides rise from 10 to 40 feet; 
and in one instance even 50 or 70 feet on the European coasts, 
and in the Bay of Fundy, in Nova Scotia, 70 feet. In such 
cases especially where wind and tide conspire, the effect is 
considerable upon limited portions of,- coast, both in wearing 
away and filling up. De la, BecAe's Manual, p. 85. LydV 
Pfin. Geol. Vol. 2. p. 24. 

Oceanic OurrenU. 

Descr. Oceanic currents are produced chiefly by winds. 

The most extensive current of this kind is the Gulf Stream. 

This flowa out of the Indian Ocean, around the Cape of Good 



Host..:[jvGoOgIf 



Hope, passes nai'thward along the coast of Africa to the equa- 
tor, thence across the Atlantic ; beine increased hy the Trade 
winds : and impinging against South America, it is turned 
northward, and continues along the coast of the United States 
even to the hanks of Newfoundland ; from whence it turns east 
and southeast across the Atlantic, returning to the coast of 
Africa to supply the deficiency of waters there. It is estimated 
that this current covers a space 2000 miles in length, and 350 
in breadth. Its velocity is very variable ; but may be stated 
as from one to three and even four miles per hour ; its mean 
rate being 1.5 mile, A current sets northward between America 
and Asiai through Behring's Straits, which passes around the 
northern extremity of America, and Sows out into the Atlantic 
in two eurrenbs, one called the Greenland current, which passes 
along the American continent, at the rate sometimes of 3 or 4 
miles per hour, until it meets and unites with the Gulf Stream, 
near the Banks of Newfoundland, where the velocity is two 
miles per hour : the other sets into the Atlantic between 
America and Europe. It is these two currents that convey ice- 
bergs as far south as the 40th degree of north latitude before 
they are melted. Among the Japanese Islands a current sets 
northeast, sometimes as strong is hve miles per hour. Another 
sets around Caps Horn from the Pacific into the Atlantic 
Ocean. A constant current sets into the Mediterranean through 
the straits of Gibraltar, at less than half a miie psr hour. It 
has been conjectured, but not proved, that an under current sets 
outwards through the same strait, at the bottom of the ocean. 
Mr. Lyell also suggests thai the constant evaporation going on 
in that sea, may so concentrate the waters holding chloride of 
sodium in solution, that a deposit may now be forming at the 
bottom. Bat the deepest soundings yet made there, (5880 feet,) 
brought up only mud, sand, and shells. Numerous other cur- 
rents of less extent exist in the ocean, which it is unnecessary 
to describe. They form, in fact, vast rivers in the ocean, whose 
velocity is usually greater than that of the larger streams upon 
the land. Dc la Beche's Manual, p. 91. 

Descr. The ordinary velocity of the great oceanic currents 
is from one to three miles per hour : but when they are driven 
through narrow straits especially with converging shores, and 
the tides conspire with h u h 1 j b m s much 

greater, rising to 8; 10 d 14 miles 

per hour. LyeU's Pi & I 1 I ; 29 

Descr. The deptl wh 1 x nd 1 ot been 

accurately determined S m hm dp m to in 

iicate that they may h 1 d p h f nearly 
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500 feet. It ought to be remembered, however, that the frictior, 
of water against the bottom, greatly retards the lower portion 
of the currant ; so that the actual denuding and traneporting 
power in. these currents is far less thaii the velocity at the sur- 
r'acB would indicate. 

Descr. Alike nneectaiji are the data yet obtained, for de- 
termiaiag what velocities of water at the bottom are cequisito, 
for removing mud, saud, gravel, and bowlders. It has been 
stated, however, (and these are the beat results yet obtained,) 
that 6 inches per second will raise fine sand on a horiaontal sur- 
face, 8 inches, sand as coarse aa linseed ; 13 inches, fine gravel ; 
24 inches poi second will roll along rounded grave! an inch in 
diameter : and 36 inches will move angular fragments of the 
size of an egg. The velocity necessary for the removal of large 
bowlders has not been measured. A. velocity of 6 feet per 
second wordd be 4 miles per hour ; of 8 feet per second, 5,4 
miles per hour i of 12 faet per second, S.2 miles per hour : of 
24 inches per second, 16.4 raUas per hour : of §6 feet per second, 
24.6 miles per hour. Pine mtia will remain auepanded in water 
that has a very slight velocity, and often will not sinlc more 
hnaf anh r;so that before it reached the depth of 

00 f gh b transported by a current of 3 miles per 

d of IfiOO miloe. De La Heche's Theoretical 

If P '' ^^'^ most rivers, in some part of their 

rse p hen cwollen by rains, possess velocity of 

n IT emovo sand dnd pebbles ; as do also some 

dol n d particular coasts : but large rivers and 

ts can I'emove only the finest ingredients ; 

d as ders, it would seem that only the most vio- 

w d ntain streams can tear them, up and roll 

1/2 urrents have the power greatly to modify 

h naterials brought to the sea by rivers and 

dad d lem over surfaces of great citeut 
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CHEMICai. BEPOSITES FKOM WATER. 

Calcureow. Tufa oi Tiavertin. 

Descr In certain ciicum-iasiccs ~ afer iiojaa iu solution 3 

Suantitj of carbonate of bme, which is readily deposited when 
lOaG eircumstaiiee^ change The deposit is called travertin 
CI ralcartoas tufa 

jCjJim. At Clermont in France, a singk thermal epring has deposited a 
mnsh of travertin MO feet long, Hi feet high, and IS teet wiJe. At San 
Vignone in Tuscany, a mose has heen formed upon the side of a hill, half a 
iiiiie Jong and of various thickness, oyen np to 300 feet. At San Filippo, in 
the same country, a spring has deposited a mass 30 feet thick in 20 years. 
And a mass is tiiund there, 1.35 mile in length, one third of a mile widn, and 
in some places S50 feet thick. In ths vicinity of Rome, some of the traver- 
tin can hardly be distinguishei^ from staluary marble ; and that which is 
constantly forming neat Tabreez in Persia, is a most boantifol variety of 
Eenii-transparont marble, or alabaster. At Tivoli in Italy, the beds ate some- 
limes from 400 to 900 feet thick, and the rock of a spheroidal structure, 
Lr/elPs Pnn. Gsol. Vol. I. p. 397. 

Mml. 

Vescr. The only kind of marl now in the course of forma 
tion, is that deposited at the bottom of ponds, lakes, and salt 
irater, known by the name of shell marl ,■ and which eoiiaists of 
carbonate of lime, clay, and peaty matter ; as has been described 
in a preceding section. The marls in the tertiary strata are 
freouently indurated, and go hy the name of rock marL Much 
of tke marl need in Virginia, and other southern States, is com- 
posed moatly of fossil marine shells ; and this is a tree skeh 
marl. But that usually so caEed, contains only a small propor- 
tion of shells : the remainder being pulverulent carbonate of 
lime, except the clay and peaty matter, mixed with the car- 
bonate. These beds of marl often cover hundreds of acres, and 
are sevei al feet thick. In Ireland tliey contain bones of a large 
extinct E^jecies of elk. as well as shells of Cypris, Lyfuntea, Tal- 
vata, Cyclas, Planarhis. Ancyclus, ^c. The marls of this 
country contain sheHs of Planorbis, Lymnaa, Cyclas, and other 
gmall freshwater molhiscs. 

Rem. These allavial deposits of marl have been generolly supposed to 
lie the rcsuji of frtc (IccOLnpositioQ of the small shells which occur in Ihem. 
But tlipj seriH lu jnc (nily in part due fo this cause. Carbonate of Ume it is 
well knuwn, ii Kcart:(ily soluble in pure water. But if the water contain 
ii;irlionic .icid, uni carbonate of lime be diffused in it_ the acid will leader it 
Sdliiblc. Yet the excess of acid is easily cjpelled, and then the salt will he 
^eposiled ; as we know to be the case in many waters that are not thermal ; 
(fi at the moaths of several of the strcaniBlhat emptyintollie MediterraneKn, 
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Nor will this deposit be neceBBariljr oryBtallioe ; for it may ba pulvBtuJant 
How the waWtB in limestone regions fregnently contain carbonic acid. 
Th^ also oiten contain corbonala of lime, in a 3tate of suspension, whicb 
has beso worn from the rock. Hence the salt thus dissolv«i will be "orj 
likely to be deposited, when Che solution containing it ferma ponds, whose 
Btagnant waters are liable to chemical changes sufficient for (his purpose. 0( 
if Uiis be doubled, it is certainly very posfable that tha streams that empty 
into ponds, will carry thither minute panicles of limestone, which have been 
worn from the rooks over which the waters have passed ; and these will be 
deposited when the waters have become quiet. The largest part of these 
alluviat marls, chat have come under tny observation, appear to have been 
formed in one of these modes, and not by the disintegration of the ahellB. 
These are generally in a sound stale, when the marl is first dug, whereas if 
the powdered part orianated from Iheni, we ought to find them in ffagments 
of every size. Hmrps Chsmisiiy, Vol. 3. p. 613, EkvmA Edition, lli/im- 
son's Inm-gamc Cheaiislry, Vd. % p. 513. 



Siliceous Sinter. 

Descr, Tliermal waters alone can contain silica in solution 
to any important amount. Tlie moat noted of these are tte 
Geysers in Iceland, where a siliceous deposit, about a mile in 
diameter, and 13 feet thick, occurs ; and those of tlie Azores 
where eleralions of siliceous matter are found 30 feet high. 
The stems and leaves of the frailest plants are converted into 
sinter or covered with it. Thermal springs, also, not in volcanic 
regions, as on the Washita river in this countryj and in India, 
deposit a copious sediment of silica, iron, and lime. 



HydroAe. of Iron, or Bog Iron, Ore. 

Descr. It is probable, as will be shown in a aubsfquent section, that the 

nter part of the ferruginous deposits so widely diffused, originnto from the 
1 shields of animalcula. Yet in some instances we have dir' ct evidence 
thai they are produced by the decomposition of iron pyrites : for where such 
is going on, (as in the western part of Worcester County, in 
i) the rocks are coated over with the hydrate, a"'! f"* °"'"- 

ins son deeoll' imDrecn. ' ' ~ "'" '' "'' """ " ' " 

this ir 
in il,— I 






the rocks as the hydrate of iron ; but its quantity is sn small that il e: 
but a slight influence in the production of geolodcal changes, and will 
therefore be passed without particular description. The same remarks will 
apply to suljihate of lime, carbonate of magnesia, chloride of calcium, &c. 
which occur in almost all natural waters, and sometimes form deposits of 
smaU eitcnt. 
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l^escr liie greac amuum oi' bitosninows iflaUeF ■with wliich 
certain springs ate impregnated, lenders them deserving of 
notice as existing causes of geological change, capable of ex- 
plaining certain appeaiances in the older rocks; many of which 
are highly hituminous In the Burman Empire, a group of 
springs ox wells at one locality, yielded annuaUy 400.000 hogs- 
heads of patioleum It IS found also in Persia, Palestine, Italy, 
and the United States. In this country it has the name of 
Seneca Oil, from having been early observed on the surface of 
springs at Seneca in N. York. " It k thrown up in considerable 
abundance, alsoj at the salt borings on the Kenhawa river in 
Ohio ; where a few years ago a large cjuantity of it, floating on 
the surface of a sm^l stream, took fire, and the river for a half 
a mile in extent appeared a sheet of flame. Am- Journal of 
Science, Vol. 24. p. 64. In Palestine the Dead Sea is called the 
ialte Asphaltites, from the asphaltum which formerly abounded 
there. But the most remarkable locality of hitnminoMs matter 
is the Pitch Lake in the island of Triiiadad, in the V rilndiea. 
It is three miles in circumference, and of unknow kness 

It is aufBciently hard to sustain men and quadrup d h g 
at some seasons of the year it is soft. Geological T a ac » 
Vol. I. p. 63. 

Jlem. Mineral pitch was a pnncipal ingredient in th* m 3 

in construcling the ancient walte ol Bahvlon and of m 

Jera5alBm. It has lately been employed in a aimdir 
Ls said very succc=a'iillj to fbrm a composition fo( liiing h 

Prin. The \arioiifl bitumen'j ire pioduccd from 11 

by the processes bj which tliese are converted m 1 I 

earth. 

Inf. Hence the bitumens that rise to the surface of springs, 
or form inspissated masses on the earth's surface, or between 
the layers of rocks, are supposed to be produced from vegeta- 
ble matters buried in the earth ; and to be driven to the sur- 
face by internal heat ; and the fact that such deposits usually 
occur in the vicinity of active or extinct volcanos, gives proba- 
bility to this theory. 

Phenomena nf Spring:;. 

Descr. Water is very unequally distributed among the dif- 
ferent strata ; some of them, as the argillaceous, being almost 
impervious to it ; and others, as the arenaceoiii, aoniirting it to 



Host..:[jvGoOgIf 



percolate through them with ereat facility. Hence when the 
Ibrmer lie beneath the latter m a nearly horizontal position, 



the lower portions of the latter will become r 
fluid. 

Inf. Hence if a valley of denudation cuts t 
pervious and impervious strata, we may expect springs along 
their janction. 

lUiis. If B. E. Fig. 9-*, be the pen-inuE, and C. C. the imjieryiou 
■Iratum, ainl A. tho valley of denudation, we may eXpett euringa t 
E. E. 




at D wh^rttv they are 
, the water w II be accu- 
a spring raaj be expected 

s the geologist can discover the line of a fault by the 



of Eprings, where nothing else indicates ita 



at the 

Dcscr, In many parts of the world, if the strata be pene- 
trated to a consideiiable depth by boring, water will rise, some- 
times with great force, to the surface, and continue to flow un- 
interruptedly. Such examples are called Artesian wells ; from 
having been first discovered at Artois, the ancient Artesinm. 

Th/imy. The theory of these wells ia simple. In Fig. 31, (p. 4a) sup- 

Eose the formation mnrked as the upper coals, and also the millstone grit to 
e impervions to water : while the lower coal ia pervioua, or the water beai- 
ng alratuoi. Now if excavations be made at B, or E, till the coal strata are 
cached, it is obvious that water will be forced to the surface by hycirostatie 
preasure : because some part of the water beaiing stratum is higher than the 
points B, and C. 

Inf. 1, If any water bearing stratum, passing under a place 
where boring is attempted, rises higher at any point of its pro- 
longation than the surface where the boring is made, the water 
will rise above that surface : and it will fall as much below 
that surface as is the level of the highest part of the pervious 
■tratum. 
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Inf. 'L Hence borings of this sort may fail : first, because 
no water beating stratum is reached ; and secondly, because 
that stratum does not rise high enough aboTe the place to bring 
the water to the surface, 
3. These exploi 
s of water exist : 
with water at the surface. 

Exam. At St. Ouen in France, at the depth of 150 feet, Ihe borer Bud- 
denly fell a foot, and a Bfream of water rushed up. At Tours the water 
bruught up ftom the depth of 374 feet, fine sand, vegetable matter, and 
hLcIIs of species living in the vicinity, which must bave been carried to that 
Jeptli within a few months preceding. In Westphalia the water brought up 
several small fish, although no riser eiisled at the surface witfain sBverid 
leagues. The borings in the United States prove that cavities containing 
Wftter exist even in granite. 

Deptiis of Ike Bmings. In England, Arteaan wells have been carried to 
the depth of 630 feet with success. In France, thej have been sunk 800 
and e<en ISOO teet, and in one instance near Paris to 1800 feet before water 
was readied. In the United States, borings for salt w^r in the WestBrn 
Slates, have been carried as deep as SOO or 900 feet. In Iho cities of New 
York, Baltimore, Albany, and in various parts of New Jersey, &c, lionnga 
for fresh water hale boen carried, and in most instances with success, to the 
depth of nearly 400 feet, though water has uaually been obtained at a much 
Ices depth. An excavation in the city of New Yorlt, 100 feet deep and IG 
feet diameter yields 8000 gnilona daily ; and that in Sleeker Street, 442 feet 
deep, yields 44.000 galluns daily. Am. JoKnuUof Sdeiv-E, Vols. XII. p. 136, 
aiidXXin.p.WS. 

Raa. 1. Uiitil recently these borings have been generally performed 
by means of a continuous iron rod, sharpened like a drill at the lower 
end. But a £ir more convenient and economical method, vjhtch has 
Jon^ been in use in China,' has lately been adopted ; via lo use a heavy 
cylinder of iron in the Game manner, by means of a rope attached to its 
upper end; a borer with valves being connected with the lower end, for ' 
bringing up the comminuted mateiials. BvjMand's Bridgeicater "Ptealise, 

Vol. 1. p. 5es. 

Rem. 3. Thermal Springs will be considered under the eighth section. 

Salt and other Mineral Springs. 

Descr. All waters found naturally in the earth, contain, more 
or less of saline matter ; but unless its quantity is so great as to 
render them unfit for common domestic purposes, they are not 
called mineral waters, 

Descr. The ingredients found in mineral waters, are the 
sulphates of ammonia, soda, lime, magnesia, alumina, iron, zinc, 
lopper : the nitrates of potassa, lime and magnesia : the 
^ 9 of potassium, sodium, barium, calcium, magnesium, 
d manganese ; the muriate of ammonia ; the carbonates 






sf potassa, soda, ammonia, lime, magnesia, alumina, and iiuu, 
the silicate of iron ; silica, strontia, lithia, iodine, bromine, and 
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organic mattei ; the phosphoric, fluoric, muriatic, sulphurous, 
Bulphurie, boracic, formic, acetic, carbonic, crenio, and apocrenia 
aoias ; also oxygen, nitrogen, hydrogen, sulphuretted hydrogen, 
and eaxbnreted hydrogen, lire's C/iemical Dictionary, Article, 
Water. See also Dr. Daubent/'s admirable Report to the British 
Association, on Mineral and Thermal WateTs, 1837, p, 14. 

Tkeory. Many of the aboye ingredients are taken up into a 
state of solution from the strata through which the water per- 
colates : others are produced by the chemical changes going on 
in the earth, by the aid of water and internal heat ; and otnew 
are evolved by the direct agency of volcanic heat. 

Salt Springs. 

Descr. The most important mineral spring,? in an economi- 
cal point of view, are those which produce common salt. These 
are called salines, or rather such ia the name of the region 
through which the springs issue. They occur in various parts 
of the world ; and the water is extensively evaporated to obtain 
table salt. They contain also other salts ; nearly the same in 
fact, as the ocean. 

Sxatii. Saioe of these spiings contain leas, but usually Ehey contain 
more salt, than the waters of the ocean. Some of the Chaahirs springs in 
England ;ielil 35 per cent.: whereas eea water rarely contains more Chan 4 
per cent. In the TlnitBd States they contain from 10 to SO per cent. They 
ate used in New York, Ohio, Virginia, Pennsylvania, Illinois, Michigan, 
Missouri; Arkansas, and Upper Canada. 450 gallons of the water at Boon's 
Lick in Missouri, yield a bushel of salt : 300 gallons at Conemangh, Penn. : 
280 at Shawneetown, 111. : 120 at St. Catharme's, U. C. : TO at ICenawha, 
Vir.: 80 Bl Grand River, Arkansas : 50 at Muskingum, Ohio: and41lo45 
at Onondaga, N. Y. : 350 gallons of sea water yield a bushel at Nantuoliet. 
In ]^, ao'cording to a Report of the Secretary of the Treasury, 3.804,239 
bushels of salt were made in the TJnitfd Slates, Since that time the quan- 
tity has greatly increased. In 1841, no Ipsa than 3.340.769 bushels were 
made at the Onondaga Springs in New York alone ; and 3,000.000 bushels 
at the Kenawha Springe in Virginia, in 1835. In all these places deep 
borings are necessary, sometimes even as deep as 1000 feet ; and usually the 
brine becomes stronger the deeper the excavation. Pro/asm- Beckys Giologi- 
col Report Iti the Ai^mMy of Nao YorJi:, 1SS8. See also Prof. W. B. Bogeris 
HepffTt of lAe Geological Jiecotmoissan^e of &e SUiie of Virgmio,, 1836. Dr. 
HOdreSi'i first ammal GedlogicalReport to the Lsgi^ature of Okw, 1838; 
Alao Ml asrlh^ on, the Geology of OUs, jlm. Jovraal Science, Vol. 30. Also 
Mr. Fbster's Geological Report on Ohio, 1839: rnidBr. BoKgMon's Report on 
Bie Geology of McAig/m, 1833. 

Origin of Salt SpiiJigs. In many parts of Europe salt springs are found 
rising directly from beds of rock sait; so that their origin is certain ^ but aa 
yet no depiBita of rock salt have been discovered in this country east of the 
Kot^y Mountains eicept in Vii^inia : and Mr. Eaton has suggested (Sar- 
veyof the Erie Canal Racks, p. 1!0.} that the ingredients only for the fonna- 
vion of the anil exist in (he saliferous rock, and are made to combine Ifl 
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cheiuicnl agencies, so Uiat the natei percolating through llie struts, would be* 
come impregnateiJ. An Eneliah writer (^Annols flf Philosophy, 1839,) snp- 
/Kises tbat the salt is intimalely diseenuiiated throuah the aaliferoua rock, hav- 
ing been left there by the ocean that depositer^ the etratii. Most American 
geologists, however, still maintain that our salt springs proceed from beds of 
rock salt, deposited so deep in the earth that they have not yet been cdscov- 
ered : and the fact that the brine increases in strenath by descending, ^ves 
strong support to this theory, which is conHrmed by the discovery of rock salt 
in Virginia, Pn/f. Beck's Report, 1838, p. 14. 1'he springs in this country 
issue dmosC invariably from the Silurian rocks. 

Gas Springs. 

DescT. Carbonic acid and carbureted hydrogen are the meat 
abundaat gases given off by springs. They sometimes escape 
from the soil around the springs, over a considerable extent of 
surface, and produce geological changes of some importance. 
Carbonic acid, for example, has the power of dissolvitig calca- 
reous rocks, and of rendering oxide of iron soluble in wafet It 
contributes powerfully also, to the decomposition of those rocks 
that contain felspar. Carbureted hydrogen is sometimes pro- 
duced so abundantly from springs, that it is employed, as at 
Fredonia in New York, in supplying a village with gas lights. 
At Kenawha, in Virginia, it is so abundant that it has been em- 
ployed for boiling down the salt wa[pi that i-, diiven up by it 
with great force. In almost all the States west of New Eng- 
land, this gas rises from springs in greater or less abundance, 
generally from salt springs. 

Origin qf theeesaaes. Some of these gases, as carbonic acid, are given off 
most abundantly ham s]irings in the vicinity ofvoicanos : and in such a case 
there can be no question but they are produced by decompositions from vol- 
canic heat. When they proctied from thermal sprmes, there is a good deal of 
reason for believing that internal heat may have produced them. But where 
they rise from spings of the common lemperatore, they must generally be im- 
puted to Chose chenucal decompositions and recompositionE that often occur in 
Uie earth without an elevated temperature, Although carbureted hydrogen 
may Kometiines proceed from beds of coal, it may also proceed &om other tbrms 
of carbonaceous iD^t«r ; as from bitumen disseminated tlirough the rocks. 

GlaciO' A querns Agency htween tTie Tertiary and Hislonc Pe- 
riods : formerly called Diluvial Action. 

Rem. That remarkable deposit occurring between the tertiary and alitt- 
vial formations has generally been supposed to be the reault of powerfiil 
currents of water, although the hypotheses founded upon this principle have 
been exceedingly unlike in their features. In the first edition of this work, 
I elpreaaed the opinion that no theory hitherto proposed to explain the 
origin of this deport, was satiEfactaiy ; and that the time had not yet 
come fat a complete theory on the subject. But tbic subject has recentljr 
been so ably 'elucidated by Agassiz, Buckiand, Lyell, and others, that A 
leems at least extremely probaUe, that all the phenomena of what has been 
17* 
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EaUed dilnvial action, are the result of the joint agency of ioe and vrater, 
This is what ia meant hy the term, gla^M-a^ueays agency. In tJie sequel ii 
will be fuUy Biplained. But io order to judge of the correctness of this view, 
(tie &ct8 respecting drift should be first presented. Its litholo^cal chnrnc- 
lers haTO been aJready given. The remainder of the subject will embraoo, 
1. ita dispersion : 2. its effects upon the carlht surface : 3. tiie theorj' of ils 

1. Dispersion of Drift. 

Descr. Drift is distinguished from tertiaiy deposits by three 
marks ; I. The tei'tiary strata were deposited in hmited troughs 
and basins, whereas drift is found over almost every part of 
the northern regions of the globe, and at almost every altitude 
attained hy mountains : and it has, therefore, been the result 
of some very general cause. 2, Such are the situation of the 
principal part of drift, and its general unatratified character, 
that it could not have been deposited in its present situation hy 
water : and yet the sand and clay that constitute its upper por- 
tion, must have been deposited in quiet waters. 3. Drift is al- 
most destitute of organic remains of animals and piants thai 
lived during the time of its production, whereas the reverse is 
the case with the tertiary strata. The upper and regular layers 
of drift are almost entirely destitute of organic remains. 4 
When the tertiary strata were deposited, the climate of nottherD 
countries was warmer than at present ; but during the forma- 
tion of drift, it was colder, 

Descr. I3rift is distinguished from alluvial deposits : 1. By 
its occurrence in situations where no agency at present in actioa 
could have produced it. 2, By requiring if not a different 
agency from any now in operation to produce drift, at least 9 
greater intensity of action. 3. By the evidence of a great dif- 
ference of climate between the two periods. 

DeKT. In the dispersion of drift we find the evidence of twa 
distinct phases of action, which may however have been the re- 
sult of the same general cause, operating in different circum- 
stances. In the first case, the drift has been carried outward 
from the summits and axes of particular mountains, and spread 
over the neighbouring plains. 

Extum. I. The best example of this mode of dispersion exists in the Alps, 
The Bowlders there hare uauaify l^een carried down the valleys, and they 
exist in the greatest abandance opposite the tower opening of those -vallgo, 
This shows that (he valleys existed when thedispersiontoi^ place. YetElie 
de Beaumont seems tn have shown that the A!ps have experienced very 
great vertical movements since that period. 

Exam. 3, Several similar instances have recently been pointed out by Dr. 
BiKkland and Mr. Lyell as existing among the moBntBJns of Scotland and 
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the north of England, whose details cannot here lie given, Proceedings ef 
Ikt Geol. Soc. Lund. No. 12, Nov. and Dec. 1840. 

Exam. 3. Rozet tlescr be p ^ EO as CO 

ered In its noilliern parts bo d re 
nine along its northern bo hi 

bowiderB Tram the Atlas w aJ 

TVaiie Ekmentaire de Geo 

Descr, In the sec d ^^ g ^^ h li 

been dispersed, tas p d m d d 

driven it ia a souther d 11 m 

piiere, often to a grea 

Proof. To begin w h Am h 

easterly point wlieie d pe 

been made : we find that the bowlders spread oyer the southern 
part of Nova Scotia were derived, according to Sir Alexander 
Coke and Messrs. Jackson and Alger, from the ledges in the 
northern part of the province, "trans. Amer. Acad. Yol, 1. 
New Series, p. 302. Through the whole estent of Maine, the 
evidence is very striking of the southerly transport of the drift, 
the course being usually a few degrees east of south. And 
transported bowlders are even found towards the snmmit of 
Mount Katahdn, which is S300 feet high. Dr. Jackson's First 
and Second Reports on, the Geology of Maine, 1837 emd 1838. 
Also his Second Report on the Public Lands of Maine and Mas- 
sachKseits, p. 16. 

Deser. In Mas gaehn setts, the direction, taken by the drift, 
as shown by a multitude of examples, varied from north and 
south to northwest and southeast ; the moat naual course being 
a few degrees east of south. This course carried the current 
very obliquely across most of the precipitous ridges of moun- 
tains in the state ; nevertheless, the bowlders held on in the 
general direction with remarkable uniformity. The largest 
blocks usually lie nearest to the bed from which they were de- 
rived, and they continue to decrease in size and quantity, in a 
southeasterly direction, for the distance of several miles; some- 
times as many as 50 or 60; and not unfcequently even 100 
miles, though usually the sea coast is reached short of that dis- 
tance. But often bowlders from the continent are common 
upon the islands miiny miles distant from the eo^t ; as on Nan- 
tucket, Martha's Vineyard, and Long Island. In the western 
part of Massachusetts the mountains are from 1000 to 3000 feet 
liigb : yet vast quantities of bowlders have been carried over 
these precipitous ridges, and both slopes are covered with them; 
the largest being upon the northern side, Final report on tht 
Geology of Massachusetts, p. 379 ; See also Plate 53 of that 
\Dorh; where the course of the drift is marked. Also American 
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Bibliiiol Repository, Vol. 10. p. 338. Ou Lone Island the drift 
corresponds to the rocks on the continent : those of different 
kinds always lying south of the ledgea from which they were 
derived. Prof. Mather's first atmual Report on the first Geo- 
logical Distnct of New Yorlt, f. 88. 1837. In the eastern part 
of N. York, the eourse was southeasterly j as in the western 
part of Massachusetts. But towards the western parts of the 
State, its general course appears sometimes to have been west 
of south. Mr. Hall's second annual Report on the Fourth Geo- 
logical Vistfict of New York, p. 308. In the southeasterly 
part of the state, bordering on Pennsylvania and New Jersey, 
its direction varied from south several degrees west, to south- 
east : and near the city of N. Yotk the couise was N. W. and 
S. E. American Journal of Science, Vol. 23. p. 243. And 
Vol. 16. p. 357. Also Prof GaUs Report for 1839 upon the 
Geology of the First District. In the fossiliferous region of 
western New York, and in the states south of the western lakes, 
great numbers of bowlders of primitive rocks are strewed over 
the surface, siguificanth' called lost rocks. These have been 
satisfactorily traced to the beds friHn which they were derived 
in the west part of Michigan and on the north side of the lakes 
in Upper Canada, See the papers of the Messrs. Lapham vit 
Vol. 22, and of Dr. Hildreth in Vol. 29 of American Journal 
of Science. Also the Geological Reports on the state of Ohio 
and Michigan. Similar evidence of a southeasterly drift exists 
in Virginia. Prof. W. Rogers's Report on the Geological Re- 
connoissance of the State of Virginia, p. 16. According to Dr. 
Drake, primitive pebbles occnr on the right bank of the Missis- 
flippi as far south as Natchez. America'^ Journal of Scienci, 
Vol- 22, p. 209. 

Descr. According to Mr. Catlia, {American Jour, of Science. 
Vol. 38, p. 143.) vast quantities of bowlders of primary rocka 
" are strewed over the great valley of the Missouri and Missis- 
sippi, from the Yellow stone almost to the G«lf of Mexico," 
which have been drifted thither from the northwest. At tha 
Red Pipe Stone quarry on the Coteau des Prairies, which ia 
several hundred miles west of Lake Superior, he describes five 
granite bowlders, from 15 to 25 feet in diameter, which he sup- 
poses must have been drifted several hundred miles from the 

Descr. The distance to which bowlders have been driven 
southeasterly from their native beds in our country, has not 
been very satisfactorily determined. In New England they 
have been traced rarely more tlian 100 to 200 miles : But in 
.th* western states they are strewed over a greater distance, S 
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am nf m d by tie gentleman engaged in the geological sup- 
V y i th t tes, that primary bowlders are rarely found 

s tl i th r Ohio ; but they are strewed over almost 

e y p t f Ohio and Michigan. Now the primacy rocks 
f wl h th y have beep derived, are found on the north side 
of ti g t lak . This would make their longest transit be- 
t a 400 a d 600 miles. 

P I n . po ibly be found that some examples of the liisperaion of 
drill in our cauutcy hEive been down the slopes of purticuIaT mountains, or 
that the general course has been greatly deflected bj the peculiar features of 
the surface. But this would notdestroj Iheevidenco, which ia almost every- 
where BO abundant, of a very wide anil powerful force from the north over 
this continent. 

Descr. Oft the eastern continent the evidences of a southerly 
direction of the force seems to be decided: although from some 
of the highest mountains it was outward from the axis. In 
Great Britain the general course was a little east of south, modi- 
fied, however, and sometimes very much changed, by the shape 
of the mountains ; some of which, as the Peniae chain, appear 
not to have been passed over by the bowlders, except at their 
lowest points. In the east part of England, the drift appears 
to have been derived from Scotland, and also from Norway. 
Dt La BerMs Ma.ny,al, p. 180. Phillips's Geology, p. 208. 
Also his Treatise on Geology; Vol. L p. 274, On the con- 
tinent of Europe, the Netherlands, Denmark, the plains of the 
north of Germany, of Poland, and Russia, are strewed over with 
bowlders and pebbles, which can be traced to the parent rocks 
in Sweden, Lapland, '"fl Finland ; in which countries they are 
yet more numerous upon u.e surface. In most cases these 
bowlders must have crossed the Baltic. In Sweden the current 
apjjears to have set S. S. W. The blocks decrease in siie ou 
going south, and finally at a great distance (more than 400 
miles, Greenough's Geology, p. 13S.) they disappear. Tableau 
des Terrains par Al, Brongniarl, p. 77. Tratie Elemeniaire 
de Geologic par iff. Rozet, Tome, 1. jp. 270. Be La Beckys 
Mamtal,p. 189. 

Descr, An. interesting exam.ple of the dispersion of bowlders 
jn a southerly direction in Northern Syria, is given by Mr. 
Beadle, American Missionary in that country. On the coast, 60 
or 70 miles north of Beyroot, he " reached a volcanic region with 
a remarkable locality of greenstone. The pebbles from this lo- 
cality are scattered the whole distance to Beyroot. At that 
place they are quite small, but gradually increase in size as yon 
sdvanoe to the north, and terminate entirely in this locality." 
Missionary Herald for May 1841, p. 206. This is an important 
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fact ; because it proves the occurrence of glacio-aqueoHS action 
on tho Asiatic continent much farther south (about 32° N. lat.) 
than bad been before pointed out ; unless it be apon the EKm-- 
alayah Mountains. 

Descr. According to Mr. Darwin, the equatorial regions of 
South America eshibit but few marits of glacio- aqueous action, 
or rather they are destitute of bowlders. But beyond 41'^ South 
latitude, they appear in Chili and Patagonia. Hence some 
geologists (Lyell and Darwin, see LyeWs Elements,) infer that 
the phenomena of drift are limited to the Bolder regions of tho 
globe. Bui De La Beche describes dritl as abtindaot va Jamaica 
in the West Indies ; especially oa the plain around Kingsfoo 5 
and says that it appears to have been brought from the north. 
Geological Trans. Seetmd Series, Vol. 7. p. 182 A similar 
statement was made to me by the late Prof. Hovey, who resided 
two years in the West Indies- Prof. Struder states thai in the 
hJU country at the foot of the Himalayah Mountains in India, 
erratic bowlders occur. American Journal of Science, Tol. 36, 
p. 380. We have also seen above, that similar phenomena oc- 
cur in Africa, near Mount Atlas, in N. latitude about 32° ! 
Mr. Darwin, however, attempts to explain sueh cases by the 
operation of other causes, and very probably he is coiTect ; though 
it is possible that high mountains, even within the tropics, may 
have been subject to glacio-aqueous agency, though no maris 
of it appear upon the surface generally, tlarmn's Journal of 
Researches, S^c, p. 289 and 615, Also a jiaper hy him om the 
Bowlders of S. America, and read April 1841, before Land. 
Geol. Soc. More recently Sir Rcleri ^ichombergli has des- 
cribed enormous, far transported bowlders in British Guiana. 
Murehison's Geology of Russia, Vol. I. p. 551, 

2. Effects if Glacio-aqueeus Action upon the Earth's Surface. 
Ancient Moraines. 
Descr. The most abundant accumulations of drift are found 
in hilly regions, chiefly, however, in the valleys, and especially 
near gorges and defiles. This detriJus in such places usually 
consists of rounded bowlders, pebbles, and sand, and even mud, 
piled up in ridges, straight, curved, and tortuous, and some- 
times in regular tumuli. These correspond almost precisely to 
the moraines of the Alps, except that they are often on a much 
larger scale and more altered in shape by subsequent alluvial 
agencies. 

Rem. In this work the term moraine includes those accumulations of de- 
Iritus produced by ttie grating of icebetgH along the bottom of ai> oeean, la 
laj body of water, as weU as those formed by common Klacieis. 
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Mm. 1?tot Agan^, Dr. Suckland nnd Mr. Ljell, have recently p<nnted 
•at numerous esaniples of ancient moraitira and correspondent etriie upon 
(he roclfs, in ScoUand and tbe North of Eiicjland ; and since the; are femitiar 
with the moraines of eiisting glaciers in the Alpa, we can hardly aupposa 
them mistaken respecting those in Oreai Britain. Proceed. Geol. Soc. Land, 
^o. 73.^18*0-1841. 

ISus. In New England th^e accumulations are very common, and some- 
times they Die so crowded together as to exhibit a picturesque appearance, 
being made up of tortuous and conical eieTations with deep intervenzng cavi- 
ties, as if scooped out b; the hands of a Titan. The most remarkable exam- 
ples Chat I have ever seen, are in the vicinity of Plymouth in Massachusetis, 
and neaf the extremity of Cape Cod in Truro, where they ura aooietimes 300 
tlr 300 feet highi In Tmra tnoj are composed wholly of sand, and they give 
a singula!: aspect to the landscape. Fig, 99. represents a amall portion of the 
surface near what is called the Harbour in Truro. 




Descr. In Plymouth and Barnstable counties these morainea 
are distant from 50 to 100 miles from any mountains much mora 
elevated than themselves. 

Fig. 100, eihibits a similar group of moraines, though much leas elevated, 
to the east part of Amherst, about two miles from the College. These ai« 
Bia*le up entirely of gravel and sand, with perhaps a few bowlders. 
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I ^ ■qutsled him to notice whether anj similar ajv 

pearancea eiist in centval Asia, wpecjally in Armenia. In a letter received 
TioDi him nflei he had passed through that Coiinir;, he sajs, that before he 
reached Mount Ararat, anJ on the vast plain on its north side, " we passed 
many Bectiona of diluviEm niHch tike theone we visited back of Amherst." 
Being now (March 1843,1 on a viat to this countrj, he informs mo, on the 
authority of Rev. Mr. Johnson, American Missionary at Trelironii, on the 
Black Sea, (hat snch moraines are common in Cilida in Asia Minor. 

Rem. 2. In the above cnaes we may be sore that Ihene morainca remain 
almost exactly as tiioy were left by the ice : ibr it is impossible that water 
could have sulisequenliy altered their form esentially ; ftr the cavities be- 
tween the eleva^ons bib not valleys, through which water may have flowed) 
bnt irregular depressions. 

Desa: In the two following cases the round-lopped tumuli of graval may 
lif only the remnants of a former lateral moraine, intersected by streamo 
triraUie mountam Fig 101 shows i ron of tumuli sons of them 100 
lett high 1 liltle south ol the village of North Adams in M-'ssttohaoetta ai 
ht foot of Haosac Mountain 

Flo un 



O^.I 
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iOms. A Bimr'ar groop of lorainca but leai 
\m, OE (bey appe-LF at the east p&rt at blouun; 
County, Msasacl usetts 

Fig 102 




Rsm. 1. Int'heBblciJReaeB.chesorBobnsona d &m h, niuul sun lal 
lo the above are described ae existing near Jaricho, on the west aide of the 
civer Jordan, not far from its mouth. I requested Dr. BobinBon, on a re- 
cpjit visit to Amherat, to go to the spot in that town represented on Fig. 100: 
and he assurea me that the materials are the same in the tumuli near Jeri' 
cboaainthe moraines in Amberet-, bat that the forinor are insulated and 
conical. Rsssarches, Vol. a p. 384, 297, 398. 

Rem. % I do not find ai^y description of such moraines as are figured 
above in flgBBBii'a work on the Glaciers of the Alps. But Dr, Buokland 
says that the; occur there, and there can be no doubt but what he describes 
as ancient motajnea in Scotland, are identical nith those accumulations of 
gravel in this country thus denominated above. Indeed, it is impossible io 
explain theil eiistence by the action of currents of water alone ; and ice is 
■he only other known agent that could produce tbem, 

Descr. Sometimes these moraines constitute ridgea of con- 
siderable height, which extend a long distance with steep sides. 
The most temarkahle examples which I have met with, occur 
about one mile west of the Theological Seminary in Andover, 
Mass. In company with Rev. Alonao Gray of the Teacher's 
Semipary in that place, I recently (April, 1842,) traced one of 
these, called the Indian Ridge, nearly two miles. It is con- 
»iderahly tortuous, and in some places is interrupted for several 
rods. Mr. Gray informs me that he has found other ridgesi 
parallel to this. One exists, also, near the viEage of South 
Reding, ten miles from Boston. But an accurate description 
of these most interesting examples cannot be given in this place. 
Descr. When moraines have been cut through and worn 
^onm by the action of streams of water, the detritus becomes 
18 
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more or less stratified by the sorting of the materials. Such 
Bocuniulations are called the detritus of morAines, and they are 
not uncommon in this country. 

ISus. Fig. 103i shows a cliff of this soft on the bsnks of Connecticut 
ri™r near Cobb's ferrj in Montague, in MaEBaohusetts, about 4 rods long and 
SO feet liieh Not onlj have WB hero stratification but lliat oiilique lamini 
tion which IB Ihe result of deposition from water upon a eteep slope Thl^ 
materlala sje cand and gravel 

Fig 103 




Fig 104 sbowe a case developed in Palmer MoEnachnaetta tnr the exca 
Vation of the western rail road The hant is 20 rods long and 50 feetlugb) 
and althoHgli moat of the cliff is grai el, sand, and coaroe bowlders, jet in 
the roidst are deposits of fine blue C!bt- Some part of the gravel is also strati- 
"-' -'■•- - "ip of 35°. I suspect that in this ci^e the hiT! Was moved by a 




Inf. There is reason to suspect that some of those moundB 
in our Western States that have been regarded as the work of 
man, ate conical morainesj or the detritus of moraines. Wo 
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dave testimony that they are sometimes stratified, and that they 
are too large and numerous to be all artificial, although artificial 
mounds do undoubtedly exist there. Illinois Magazine, Vol 2. 
p. 252. Am. Jour. Sci., Vol 84. p. 88. 

Descr. Frequently the surface is almost entirely covered for 
man)' square miles with large transported blocks of stone, which 
are but little rouaded. These were most probably transported 
on icebergs. 

Ilhis, One can hardly paee over iin^ of the hilly parts of New England 
« ithout meeting with more or less of these blocks Fecliap^ the West jrart o'* 
Cape AnninMaB'Trhosetlfl exhibits them In as great abundaiioe is iny place 
Fig 105 will givt ewm idt I ol > ImdmpB nci'" '-■qoiin in Glouceoter 




Uf i,,j The <ize of single bowlders is t 
The block out of which waa hewn a pedestal for the statue of 
Peter the Great, weighed 1500 tons. The Needle Mountain in 
Dauphiny, said to be a iMwlder, is 1000 paces in circumference 
at the; bottom, and 2000 at the top. Near Neufchatei is a block 
of granite 40 feet higl., ou teet long, and 20 broad, "■Lloh weighs 
8.800.000 pounds. The block called Pierre a Martin, contains 
10.296 cubic feet Greeiuiugh's Geology,p. 131. Prof. Forbes 
desci-ibes another bowlder in the Alps 100 feet long, and 40 to 
50 feet high ; also another 63 feet in diameter, containing 
244.000 cubic feet. Am. Jmr. Set., Vol. 36. p. 184. Ths rock 
in Horeb, from which according to monkish tradition, Moses 
miraculously drew Water, is a block of granite, 6 yards square, 
and contains 5823 cubic feet, lying in the plain near Mount 
Sinai, from which it was probably detached. This however 
has not probably been removed except by gravity. Greenough, 
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p. 127. In this country bowlders occur of 'equal dimensioilB, 
Thus, on Cape Ann and its vicinity, I tave hot unfcequently 
met with blocks of syenite not less than 30 feet in diameter ; 
and in the southeast part of Bradford, I noticed one 30 feet 
square ; which contains 27.000 cubic feet, and weighs not les3 
than 2310 tons. la the west part of Sandwich on Cape Cod, 
I have seen many bowlders of granitic gneiss, 20 feet in diame- 
ter, which contain 8 000 cubic feet and weigh aa much as 680 
tons. Two graywacke bowlders of the same size lie a few rods 
distant from the meeting bouse in Norton, in Dr. Bates's gar- 
den. A granite bowlder of equal dimensions lies about half a 
mile southeast of the meeting house in Warwick ; and one of 
similar dimensions lies on the western slope of Hoosac mountain 
in the northeast part of Adams, at least 1000 feet above the 
valley over which it miiet have been transported. One of 
'■ s lies at the foot of the clifis at Gay Head on Martha's 
ard, which is 90 feet in circumference and weighs 1447 
In Winchester, New Hampshire, I recently met with a 
block of granite 96 feet in circumference. It is near the road 
leading to Richmond. I noticed another in Antrim in that state 
150 feet in horizontal circumference. Finally, at Fall River is 
a bowlder of conglomerate, which originally weighed 5400 tons 
or 10.800.000 pounds. 

D'"!cr Glacio- aqueous action appears to have destroyed 
numerous species of animal* ha nh b d ao 1 e n reg o a 
of the globe at the time of its o u n e 

J* mf In accumulahon" of ft hnhmp h 

hten tound the bo ca of ceve p mas J n j^potam 

ih nocerne bear is well as th ma.iii[n pha g h m 

megalonvi 1 Jiena leer linolli nmhro x& m woae 

exieteni^e euicb (hat event we h n d nee N b 00 

spec as hive alreadt been louod n d al h n^h m h h 

Iif 4 sudden fall of temperature took place in the northern 
hemisphere at the period of glacial action. 

Prmif The animits whose j__ 3 ar" ftmnii in drift are mostly such 
aa hve n trop mI cbnioteE which shows that a aighet temperature than 
now ex sts in tl ese countries pre ailed at the commencement of glacial 
action And that (he chinge was su tden, appears from the occurrenco 
of elephants and rbinoceroa undeca jed in the frozen mud of Siberia : for 
the; iQUBt have been encased suddenly m ice to prevent their patrefac> 

Smoothed '^ttiaiei and Fai rowed Rocks in Place. 
Descr. One of the most remarkable eifects of glacial action, 
is the smoothing, rounding, scratching and furrowing of th* 
surface of rooks in place. 
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STRJATBIl GOCKS. 203 

Rem. I. Althongli tliis is r very common pTienomona, eapecially in the 
EJnitetl States, yet until within n &w rears, scarcely any example had 
been pointed out bjgGolopsta apoof of the little careful attention that had 
been given Co the plicnoinena of driR The tollowms examplee are only 
a selected few, out of the multitudes which have been obaerieci in tliis 
country, 

Rmi. 2. Care must be taken by the observer, not to confound lliiase 
furrows and stiiie with those grooveo on the surfice of rocks jjroriuaed 
in the direclinn of the cleavage planes, or the plane? of Etralificalion, 
by the unequal dieentegration of the harder and soltei parts, nor witli 
tile fbrrows between the vcina of segrpgalion, produced in the same man- 
net ; nor with rimtle maiks. In Jine, it is beet not to consider any case as 
II r decided glacial origin, unless the grooves cross the planes of cieavsge 
and stratification at a conaiderable angle. Such are all the cases mentioned 
below. 

E:aim. Tn the slate of Maine is a good deal of slaty rock, often stand- 
ing upon its edges, that admirablv resists atmospheric agencies ; and hence 
't pcesenUainatitudeof example of well marked striffi. Around the city 
of Portland, they are very abundant and y«ty dislinot; having a direction 
N. 10° to 15° W. and S. 10° to 15° E. Farther Jiaat as at Hope and Ap- 
pkton, they run nearlv N.W. and S.E. and some of them are a foot in 
dtpth,and six inches wide. First H^imt on tAe Oeology o/ Maine, p. &7. In 
other parts of the S^lste, the direc^on is neatly north and south, or even in- 
clining a few ilegreaa to the N.E. and S.W. ' Secmd Report on tie Geologv 
of Maine, p. 91. In the eastern part of Massachusetts a£d Rhode Island, 1 
might name fif^ places where the striffi are obvious and distinct. In Essex 
County, Mass. they aie very frequent on the hard syenite rocks : though often 
these are merely smoothed, and sometimes almost poUshed. Thev are visible 
on the gnusa at the top of the Wachusett mountain, the highest in lh« 
eastern part of Massachnssetls ; being 3000 feet above the ocean. The pre- 
cipitous hills and the lower grounds of the valley of Connecticut river, ace 
covered with them ; and here as well as in nearly all the eastern part of the 
state, their direction is nearly north and south, usually however inclining R 
few degrees to the East of South, and West of Noith, and very rarely the 
other way. The hi^h mountains west of Connecticut river, embracing tho 
Hoosao and Taconic ranges, some points of which rise 3500 feet above tha 
ocean, exhibit very numerous examples of the smoothing and furrowing 
effect of this supposed glacial agency. Graylocit, the highest point in Massa- 
chusetts, is so covered with soil and trees, that the rocks are very rarely sern : 
but on that spur of the mountain called Bald Mountain, whose top is a few 
hundred feet below Graylock, the scratches are obvious, as they are also on 
the northeast side of the mountain. The high conicai mountain in the town 
of Mount Washington, (called Mt. Everett,) which is 2G0O feet above the 
ocean, has been worn over its whole anrfeoe, and the strife are still visibla in 
many places ; although Ihe rock has been so long exposed nsked to atmos- 



5heric decomposing agendea. Similar markings are manifest on the top of 
'om Ball, a high mountiun in Alfbril, and they may be seen throughout "■- 
whole extent of the Taconic range, which on its west side is very precinil 



-^ large proportion of these groons lun N.W. and S.E. but si 
apprnacli nearer to a coinddrnce with the meridian. The rock is mica and 
talcose slate, and in some instances is laid bare for a great distance, so as to 
show the smoothing and furrowing of its surface over a large extent. In- 
deed, one cannot fitatid upon these Intiy and precipitous ridges, and witness 
this phenomenon, without being struck with the great power nnd extent of 
the agency that hiUi thus left its- traces upon some of the most elevated spots 
in N. England.— Between these mountains and Htldson river the gfaywacka 
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wastem part ol Wbw York, ihej are numerous, and they cuii BOmeliines S. 
S. W. and N. N. E. They are common eJbo, upon the mountains of 
Pennsylvania; and alsri in Oiiio, Michigan and Illinois, whera their most 
usual course is from N. W. to S. E. 

The hard gray liaieEtone in the vicinity of Rocheslet and EnfTalo in New 
York, and on the banks of the St. Lawrence, as well as in Ohio, ia ollen 
■moothed and poliehed liy this agency almost like marble. Am. Jour. 
Sciemi, Vol. XXXVJI, p. 240. aiid Vol. XXXV, p. 191. Aho Rrporls on 
the JVeju York GeologkrU Swvev. 

Mount Monadnoc in New Hamrshire, 3250 feet high, is little else than 
a naked nmsa of mica slate of a peculiar character, almost destitute of strati- 
fication. And trom lop to bottom it has been scarified on 'tis northern and 
western sides. On its lower parts, eepeoially on the soulhwest side, the 
Blriie run about N. W. and S. E. by the magnetic needle ; as they do in the 
country around the mountain ; but when we approach its top, the course 
changta to N. lO° W. and S. 10° E. Other striie are seen here on steeper 
slopes, both northern and southern, than 1 have found elsewhere. Deep 
Airrows are also met with here, and some odier peculiar phenomena con- 
nected with glacial action, which will be described farther on. 

In a recent visit to the White Mountana of New Hampshire, I have dis- 
covered an example of Btiis with other glacio-aqueous phenomena, at the 
height of nearly 5000 feet above the ocean, on the southern stope'of Mount 
Pleasant, nearly at the highest point, inJerd, where there is any rocks in 
place; all the peaks being broken into a mul^tude of fragments by frost. 
These strife run N. 30° W. and S. 30° S. 

Fig. 100, will convey some idea of a Hurfeee of rock which baa been 
smoothed and striated in the manner that has been described. The lines 
running in the direction a it, show the divisions of the strata; those run- 
ning in the direction b 6, show the stria, which are perfectly parallel to one 
unoOief. This figure was copied from a rock of eneiss m Billerica in Maasa- 
chusetts, on the (urnpilce from Boston to Lowdl, near the sixteenth mile- 
■tone from Boston. Thousands of similar examples may be Been in New 
England. 




Descr. Sometimes we find two or more sets of strie crossing 
one another at a small an^le the line? of each let preserving 
their parallelism very pertectl-y Fig 107 si ows one of these 
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eases copied from mica slate near the cvest of Monadnoc, several 
hundred feet below the summit. The two sets intersect at an 
e of 10°. An interesting example is also described by Prof. 



Locke, with a drawing 
where the striie was 5, 
on the Geology of Ohio. 
Dcssr. On the eastern c 
Jess oomraon than in this co 
leal dJBplajed by European geologists, only 



occurring m the S. W. part of Ohio, 
° E. and N. 26° W. Second Refort 
. 230, 

inent these sti'is and furrows appear C( 
■■ ■' ability 

1 markings 



n rfcorded. In Scotland however, thej weri _ 

by Sic James Hall, on greenstone and other rocks, having a direction N. W. 
and S, E. A similar cose is mentioned in North Wales, and in the Brora 
coal region of Soffl;lBnd,where they run N. N, W.and S. S. E. Dr. Buck- 

i„_.i k.. .i- — !_.„.! — . -eversl eiamplee in that country, which he 

ent of ancient glaciers from the mcQutains. 
_ „ Biirse is N. N. E. end S. S. W. " Monsiear Safetrom," eaya 

the distinguished Berzelins, "haH ibundthai the northeast parts of the monn- 
tajna of Sweden, are, throughoat rounded and worn from the base to the 
summit, so as to reeemhle at a distance, sacks of wool piled upon each other. 
The southwest sides of these mountains present almost fresh fractures of the 
Tockawiththeir angles rounded Uttle or none," Stil! filrther east in Northern 
Russia, the striie have a direction N. W. and S, E. or N, N. W. and S, S, E. 
corresponding to the course taken by the bowlders ; and in one instance these 
bowlders have been traced to their native bed 600 miles distant, Murc/dstra 
ami Vemeuil on the Geoiogiad Slrucki/re of Vie Norlhent and Central Regi/yna 
ef Ritssia in Europe, p. 13, Ijtmd. 1S41. 

Fig. 107. 
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a32 EMBOSSED HOCKS. 

Bescr. A careMexomifiation of the mountains of New Eng- 
land shows that their northern and northwestern sides, like those 
in Sweden, are worn and roniided thronghont. An interesting 
example is Monadnoo in New Hampshire; which is the more 
Strildng, because it is mostly naked rock. The surface of the 
mountain is very uneven; out the protuberances are nearly all 
rounded, and few are left aDgular, except on the south eastern 
side. The axis of the intervening hollows usually corresponds 
nearly to the direction of the strite ; so that the surface appears 
like the swell of the ocean after a storm. Seen in a certain 
direction these swells appear like domes. Fig. 108, will givt 
some idea of a spot on the southwest part of this mountain 
about 5 rods square. So far as I can judge from the descrij 
tions and drawings of Agassiz, this appearance corresponds pri • 
eisely with that in the Alps denominated by Saussure, iochet 
^ui'iUonnMs. produced by glaciers. 
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iJescT. The summit of Mount Holjoke in Msssochusetts, which 
been serj much abraded tiy Ihe agency under consideration, acjmetinics 
lents insulated hunrnioclis of greenstone, rrBembling tlie "sacks of n 
described by Seteooin, as shown in Fig, 110. 




Desct. Sometimes instead of stri», we find the summit of a 
mountain ploughed into deep furrows, wtich enlarge so as to 
form deep paraUel valleys. 

Exam. The most remarkable example nf this kind that I linow of, ii 
the samrait of Moont Holjoke, mentioned above. This is a narrow very 
[ireoHHtouB ridge of greenstone, rising 700 or 800 feet above the valley of 
the Connecticiit, and lying in the curvilinear direction shown on Fig. Ill, 
where the line N S, represents the meridian, and corresponds to the direc- 
lion taken there by the drill, which struclt the mountain from the north. 
On that aide the mountain is a nearly perpendicular wall of rock. Yel the 
summit is intersected by numerous grooves anil valleys in the direction of 
the li.ies A, A, A, A, N S, from a few inches to several hundred feet deep^ 
And not only do we see the marks of abrasion in the bottoms and on the 
sides of these valleys, but the fact that they preserve thdr parallelism so per- 
fectly, although the mountain curves so much, shows that they were pro- 
duoed by some abraiiing agency rather than by the original structure or elo- 
vation of the mountain. For had they resulted from the kttrj causes, We 
might expect them to change their course to the lines B, B, B, a^ the mono- 
tain continued to curve more and more. 
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Inf. 1. These fnrrows and valleys must be imputed to th« 
joint action of ice and water. If water alone Here concenjed, 
the Yalleys could not have so nearly preserved their p"ii illehsm. 
Indeed, unless the large valley around the mountain had been 
filled with ice, it is difficult to see how streams of water tould 
have flowed over its aiimmit so as to produce these ^ ailevs lea 
alone, moving over the top, might have begun the ivork, (and 
this would explain the parallelism of the valleys.) but could not 
have made so deep erosions without wearing down the inter- 
vening ridges. Moreover, theso furrows and valleys correspond 
well to the joint action of glaciers and water in the Alps, and 
there they are called laptaz or lapis. See Etudes Sur lei 
Glaciers. 

Inf. 2. It appears that in all cases the atnsB, furrows and 
vallevs, th t h b d 'b d pon the surface of rocks, cor- 
'' 1 h taken by the drift, and thus 

f ph proved to have resulted from 

Descr. Ik a a ly met with on pure limestone, 
on accoun f g 1 b li y disintegration. Most of tks 
coarse g d ngl m s, as well as gneiss, are so 
much de p d 1 f as to have lost all traces of 
these ma k ag y nite, and porphyry, are fre- 
quently 1 nd d dm Id bat tke markings are usually 
faint on f h g h dnoss. Upon the whole, tho 
upturned dm k d I dg f talcose, micaceous, and ar 
gillaceou I h m kings most distinctly. But 
where th I k b m d almost every rock presents 
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Hf&ia to view. And were the rocks of N. England to be en- 
tirely laid bare, I cannot doubt but a thijd of the surface would 
ehow marks of this scarification. 

Transport of ]^ rift ffOTii Lmver to Higher Levels. 

Prin. In some instances lie drift has been transported from 
lawer to higher levels. 

Proof 1, On the northern slopes of moanliiina ihe stria not unfre- 
qucnlly pass from the tnp to die liDtlom without aasenliallv changing theit 
jiarallelieia. This is the Case nn Mount Mouailnoc in Nev; tfampd^ire, 
wlifite the Bmoothcd and striated Burfnoa iseometime* inclinfd northetly aa 
much na 60° or £0°. In this case the angular loclis are rounded on the 
r.DFLhern but not on the scMithern elope, 'sfLcept sightly ; and this showB that 
the work was done hy an ascending ani! not a descending body. Near Ihe 
summit of that mountain, however, Bttis! are Been on quite stsep southerly 
Elopes. But this is an unusual case. On the west EJde of Tacoolc and 

Riencing several hundred feet betow the top: and idl tbe A-iift in that region 
has buen carrieil southeasterly ; which proves the furpe proiludng the abra- 
sion to have been upwards, final flepJrt an i/ie Gsology of Massaihtsetti, 
Vol. S, p. 393. A Bimilnr ease.encurs id RnBsia. Murchisim&nd Veraena 
sn ike SM. of Sussfa,p. 13. 3, Bowlders are found transferred fram a 
lower to a iiigner level. For eiatnple : the quarts rock of Berkahire county 
has been strewed all over thotopef HoOKac mountain, which mnst be i^ 
liiast several hundrfd &et above any ledge ot quarts, from which the bowl- 
ders could have bsen derived ; and the Silurian recks of New York have 
been carried over Taconic moanluin and Jodged upon the Highloiida m New 
York, as well as upon Homac mountain. 

La,kes prodneed b^ Moraines. 

Desci: The great accumulation of drift whioii took place 
near the gorges of valleys, produced extensive lakes, which were 
filled with water upon the melting of the ice, and in whose bot- 
tom? thick deposits of clay and sand were frequently made above 
the body of the drift, while the waters were gradually wearing 
away passages through the detritus. 

Proof. In all valleys of considerable aiEe in the northern parts of the 
Unileil States, such as those of thn Hudson, the Connecticut, Ihe Penob- 
scot, &c., we find such deposit of claj above the drill; and above the clay 
more or leas of sand. These depoails must have been made in quiet 
waters, rather during the glacial or tbi alluvial period ; and the fact 
that scarcely no organic remains are founil in them except a few ah ells of 
J highly arctic character, makes it extremely probable that it look placa 
lurng the glacial perial '^i I'lar deposits occur in the valley of the 
Phi 16 which are there callel bies. and are from 100 to 200 feet thick. 
L/lTs Piiv, GtoJngy FoZ S p 389 In the eounty of Suffolk Eng- 
l<mJ a deposit of aimilat clav eltisls according to BeV "W B Clark, 
eomLtnes 400 feet thick Pro eel F/iilm G alog Snaili \o 50,?. 

Inf We SLB wh-v tl r" is su h ii insenaible pascage from 
ghcio aqueous into alluiial deposits Foi the i. -inage of tha 
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lakes produced by the moraines, lias been going gradnally on 
from tlie time when the waters first made a breach through the 
drift to the present. It is difficult, therefoi-e, to say precisely 
where the glacial period terminated and the alluvial commeucecl, 
unless we fix it at the time when the present races of organic 
beings were created. 

Inf. % We see the origin of thenomerous small pondsthat 
exist in regions abounding in moraines, as in Plymouth and 
Barnstable counties in Massachusetts. They occupy the de- 
pressions left between successive moraines. 

Ledges of Hocks fiactured by Glacial Action. 

Deser. In seveiHl instanct-a I buve found the perpendicalai strata of stB.tJ 
rocta broken and partially knocked over, near the aummit of hills, to the depth 
of 10 or 15 teet, ao as to prodnce horiionCal fissurea of several inches wide; 
and I cannot duulit hut tfiey ave the rflEBlt of glacial agency. Pig. 113, will 
idea, of ona of theeB cases, in a qnarry of clay slate, in GuilforJ, Vt. 
nalanCB the force which thua crushed the top or weelern slope of tbe 
it have been directed towards the weet Another case is in ItTtddle- 
£eld in Massachusetts in horoblends slate and the spot is covered by 30 teet 
of drift. Fin I R/jtm I on the 0^ Mass p 396 TO 2 It was I r. ught to 
hght by an fcc ntion foi the weotern r itroad The force io ] roiluce h\ch 
an eEFcLt muit havt been prodigious 



t 




Utscr A third ca 
oflheAi 

has also discovered 'turular c-i'^es in the slate of Dud 
Stciind AraiXial Beporl on <Se Geology of Vcrmoni. p. 131. Analogous cases 
have Deen given by Mr. Charles Darwin, as occurring in Scotland, which he 
refers to ■"' action of icebergs, lilted up and down b;y the tides ; and we Dnght 
»dd, by tt« waves. This theory saenis very plausible, and is certainly Uia 
bertftS OSS been proposed. New PkU. Jour., Oct. ISiSi, p. S5B. 
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Trains of Blocks not Rounded. 

Deter. Another very remarkable series of facts, evidently the result of tha 
driil agency, has lately been brought to light in New England. It conmsta 
nf tiams of large fraoioontB of rock, not at all rounded, jet. BtreaminE off in 
the direction in whidi the drift agency operated, in a straight line irom the 
eminence from which they were hroken. The first caseof this kind was iust 
noticed by Dr. S. Rdd, in Berkshire County, Massachusetts, and described 
by the author of this work, in Amer. Jimr. Sci., Vd. 49. p. 358. The mountain 
from which Ijie blocks of hard talcose slate liave been torn off, lies in Canaan, 
New York ; and from thence they lie in trains, running for a few miles S. 
56° E., and then cheji^ng (o S. 31° E. and extending yet farther, making in 
tlie whole distance, not less than 15 or 20 miles: at least one of them extends 
that ilieCance, psssing obliquely over monntaiD ridges some (lOI) or 800 feet 
high. lis width is not more than 30 or 40 rods. Tde blocks are of ail sizes, 
from two or three feet in diameter to Chose containing 16.000 cubic feet, and 
weighing nearly 1400 tonsj and in somejriaces theyaloiost cover (he surface. 
The trains lie upon the sur&co of the common drjfl and are not mixed with 
it. An analogous case has lately been described by Pruf. C. B. Adams, in 
Huntington, Vermont. Second An. Rep. on Ga>i. qf Fermoiit, f. 128. 

Inf. 1. These blocks must have been scaUered as one of the lEitest results 
of the drift agency. 3. Water alone coufd not haTe done it. 3. It was pro- 
bably the result of water and ice, 4. But the precise manner in which this 
iigency operated, appears to oie not yet understood. The Professors Rogers, 
however, have Ingenioudy endeavored to explain it. Boston Joanud ^ Na- 
tural Bistaryfor June, iSlfi. 

VeTtical and Horizontal Limits of GlaciO'Oqueous Agency. 

Desa: It can hardly be doubted that this agency was mainly conl!nrJ to 
the colder rpgions of the glole. In the United StotPS Jrfft rarely appears 
south of the Ohio river in north lititude from 38° to 40O, though soma bowl- 
ders ore seen in Kentucky, and the gravel of drill is seen much farther south 
in the valley of the Mississippi, Parthef east the southern limit of drift runa 
along the northern part of Pennsylvania, though it appears along the Susque- 
hEinna and Delaware rivers farther eoiith. Perhaps 40° north latitude is its 
average limit, and according to Sir. Darwin, drift is first met with at about the 
same degree of south latitude in S. America. Prof. H. D. Sogers' Addreet at 
WasltiJlglon,- before GeoL Assoc., May, 1844, p. 45. LydCs TranUs m N. 
Ameiica, T-oi, 2. p. 60. 

Descr. In some parts of Europe the drift agency did not extend to file 
taps of high mountains, nor was that upper Umit horizontal. In the Alps 
this upper limit varies from 3000 to 8000 feet, and its indinaUon Is never quite 
Ihv-ee degrees. lu &ia country this upper limit baa not been aacerlained ; fijr 
the White Mountains are the highest point east of the Rocky Mountains 
where we should look for a solution of too problem, and the highest rocks in 
place there (5000 feet) haie been smoothed and rounded by this agency. In 
the Alps, which formed a centre of dispersion tor drift, the indination of tJic 
upper limit of this ac.lion ia outward from their centre. But as none of onr 
lugh mountains formed such ceiitres, we cannot predict how high glacio-aque- 
niis agency may nave reached, Moxan'e Geologist for Pec, 1843, p. 356. 

Deser. From the German Ocean and Hamburgh on the west, to the White 
Sea on the east, a region 3000 miles loi'g and from 400 to 800 miles wide, is 
more or less covered with detritus ; all of which has been derived from Scan- 
dinavia. Bomer's Address before Land. GeoL Sor.., Feb. 1846, p. 60. 

Descr. It now appears that Scandinavia formed a centre of disperdon for 
drift, and that the bowlders were thrown off eccentrically, towards the north 
in Laplantl, towards &s east uid southeast in Russia, lowajds the soutli in 
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Oermanj, and pmhapa CawEudB the southwest, into Great Britain. The grod- 
est distanueany oftiiem have travelled, is fruoi 700 toSOO miles. In no cast 
hare (hey necked the Uralian mouatains, which are entirely free from theni ; 
as is also, it is said, the whole of Siberia. Murchison's Geology of Russia, 
Vol. 1. Prof. Forohhaiiimer has endeavored to show, from the phenomena of 
drift in Denmark, that the period of this i^ency reached as tar back as the 
commencement of the terdaiy depoaits, and even of the newer creticeoua 
beds. Geological Joai-nal/or ia4a, p. 363. 

Tkeones of Drift. 

Frin. Any theory of drift to be satisfactory, must explain the 
four following varieties of the phenomena: 1. Erratic Bowlders: 
2. Common Drift: 3. Strice, Furrows and Valleys: 4. Moraines. 
Some theories might satisfactorily explain particular phases of 
the phenomena, but faii in their application to the entire group. 

Descr. la no part of geology have Of^nions been so unsettled and chang- 



the origin of drift and its attendant phenomena, Until 
lirtents of water have been regarded as the sole agent " 
account for these currents, it was a ftvorife theory vrith in 



recently, powerful currents of water have been regarded as the sole agent oo 
ined. To account 6ir these currents, it was a favorite theory vrith many, 
I earth. Geologie Poptdaire, par N. 



Uouiee, p. 46, Paris, 18^, But ^nce it has been ascertained that a 
Iiave " no mora solidity or coherence than a cloud of dost, or a wreath of 
smoke, through which the stars are visihls, with no perceptible dirrdnution of 
their brightness," it is no longer necessary to ^ve a. formal refutation of this 
^^eais. WheuKirs BrOsttealer Ti-eaiise, p. 152, ISi, first Amenam 
EdiUaa. Another theory, very widely adopted, imputed theao effecta to the 
deluge of Noah. But it is now almost universally abandoned hy geologiata, 
because the remains of iqan have not been found in drift ; because most of the 
Boimala found in it bdong to exlinct apeciBS; bocauae the period occnpded fay 
^e Noachian deluge was much too short; and because the jphenomena can- 
not be explained fay water alone. In short, every theory which unputes these 
eSecte to currents ofw^er atone, has been abandoned by geologists ; and they 
now almost universally refer Ihem to the conjoint action of water and ice. 
Three varieties of opinion as to the origin and mode of operation of these 
agents, exist among eminent geologists. The two first of these theories may , 
be called the Icibirg TKeorUs : and (he last, the Glaeter Theory. 

First Theory, 

Descr. This theory imputes most of the phenomena of drift 
to icebergs carried southerly by the currents of the ocean, while 
the continenls, where drift occurs, were yet beneath the ocean. 
As they were gradually raised from the deep, the mountains, 
which would form islands, would send down glaciers to their 
shores, and thus masses of ice would be broken off lo be floated 
away, loaded with detritus. In many places large bodies of 
water would remain after the ocean had retired, in which de. 
posits of clay and sand would take place. Lyell's Elementt 
Geol., Vol. 1. Chap. X. and XL 

Protif. 1. In high northern and southern latitudes, the process which this 
theory assumes is daily going on. Icebei^s frequently transport towards the 
equator blocks of great size, which are dropped upcm the botlom of th* 
ocean. Scoreaby saw upon several iceberm in 70" N. latit»de, masses ot 
«aith and rack weighing from 50,000 to ItW.OOO tuns: and a deposit of drtfl 
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higher than Northern Italy, Switzerland, nnil England. IajsU's EteimrOi 
G ■oi. Vol 1. p. 233 nnj 257. 3. There U evidence daily accumulating of 
the exisCeuce of n much lower temperature in northern latitaJes when the 
drift was dopoeidnj,' than is now found in, the same latitades, and, therefore, 
glaciers miglit hate existed in mu;Ji lower latitudes than at present, and 
icebergs might have been Carried nearer to the equator than thej now are, 
before melting, 

Oij. I. iTie uniformity of direction taken by drift over all Iho northern 
part of Europe and America, and the rare ooourrenoe of centres of dispersion 
are eiplained with difficulty by this theory. There has yet been discovered 
no mountain in North America from which detritus has been scattered on 
different sides ; and the force was southeasterly over the top of the Whita 
Mountains, the highest point, with one exception, east of the Mississippi. 
Nor have any sucfi centres of dispetaion been pointed out in the North of 
Europe. But if this theory be true, it is difficult to conceive why such 
mountains as the White MoDntains, as they were raised 'from the ocean, 
should not ha'e proved centres of dispersion. 3. Severs! &cla, such as the 
trunsferenoe of bowlders from lower to higher levels, and the smoothing and 
furrowinn of the northern slopes of mountains even when quite steep, a^ee 
better with the idea of the ocean's rising over the land than the land's rising 
from the ocean. 3. It a certain,that the relative levels of the earth's sur&ce 
have not essentially changed since the deposiUon of drift ; that is, the same 
mountains an'J volleys which eiisted at that period eiist now ; and, therefore, 
if our continwits have eipwrienceil any vertical movements since, they must 
have been ruitied as a whole, by such an extremely slow movement as some 
regions are niiw experiencing. 4. But this would make the period of the 
formation of dnfl immensely remote : coeval indeed with the time when the 
hiiiheKt granite mnuplains of northern countries were beneath the ocean. 
Whete-is WB know that ths drift period occurred after the deposition of the 
most recent tprtiary rocks. Now at that period we know that a large part 
of our continents, — i^l that was covered by rocks older than (he tertiary, 
wei-8 above the waters. If we suppose theso mountains to have sunk down 
again at the tertiary perioti, then they mnst have been suddenly raised in 
order to have feached (heir present height so soon. But as just mentioned, 
the fiicts do not admit of such a sudden rising. 

Second Theory. 

Descr. This theory supposes the phenomena of drift to have 
rasulted from the rise of large areas beneath the Arctin and An- 
tarctic oceans, whereby their waters have heen driven southward, 
over a considerable part of Europe and America, bearing along 
masses of ice loaded with detritus. And fuithsr, that there may 
have heen a succession of vertical movemfats, which produced 
Buccessive waves ; so that the waters may have repeatedly 
fallen and risen again, and while at their ebb, they may have 
been frozen to the surface, so that as they subsequently rose, 
vast masses of ice may have been driven alonp, loaded with de- 
tritus, which may have been forced up declivities considerably 
steep, and thus the surface have been powerfully and rapidly 
abraded, and tKe rocks scoured and furrowed. De La Bechgi 
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Geological Mamial, p. 173. Also his Theoretical Geology, p4 
319, Biblical Repository, Vol. 11, p. 23. 

pToqf. 1. It is estnblished, that in earlj times repeated upheavings of tbe 
bottom of the ocean have taken place ; and at the present day, also, similai 
elevations occur, (ex. gr. Hotham or Giaham Island in tbe Mediterraneau, 
in 1331 ; Sabrina, near the Azores, in 1811 : and among the Aleutian Islands 
in 1814, an island, said to be 3000 feet high :— another m 1806, which ta per- 
manent : and another in 1795. lydta Prin. Geol, Vd. a p. 353, 26G, 318.) 
And in some instances, we a.TB able to see the efiects in the treincndoTia leaves 
^t ibllow ; as during the earthquake at Lisbon in 1765. The force of sudi 
WB!es, as tbey icaohed the shore, and sacceaaveiy rose higher and higher, 
were a largo area of tho northern ocean to be snddenly upraised, can soaroelj 
be estimated ; loaded ae the; would be with ice ; and it eeems alniost l^e onlj 
conceivable agency by wbidi Urge bowldets coald be foiced up bills of con- 
siderable steepness, and deep groves be tbrined on tbe northern slopes of hills 
in Sweilcn and America, 9. In the latter country certainty, if not In the for- 
mer, it seems scarcely possible to donbt (hat the surface is essentially the same 
now as when this agency was eseited upon it ; except perhaps those few lo- 
cal minor and slow elevations and depressions of which probably every coun- 
try furnishes some examples : and henc« the source of this action must be 
sought out of tbe country. 3. We have evidence that volcanic agency, 
whereby larse areas may have been upliAed, has been very active in high 
norUiem and southern latitudes. 4. This theory explains the absence of ani- 
mal and vegetable life, and tbe presence of vast masses of ice in comparatively 
low latitudes duripg the glacio-aqueous period. 

Obj. i. It is difficult to conceive how these vertical movements around (be 
poles, should have produced floods of such vast extent and magnitude, as to 
Inundate with water and ice, certainly all the northern, and probabW also all 
tba southern parts of the globe, as fiir at least as thp 40th degree of latitude. 
3. Tbe action by whicbdnft was ftccomulated, bowlders transporled, and rocks 
furrowed, must have been long continued; whereas any vertical movement 
around tlie poles, sudden enough ta produce such deluges, must have been 
comparatively tranaeot in its euccta. 3. If the waters thus thrown over ex- 
isEiug continents southward did not return to tbe polar renons. what has l>e- 
come of [hem1 If Ihey did return, as the elevated poruons subaded, why 
have thej not left traces of their uortberly currents on the land % 

JRem. This theory, somewhat modiSed, has been sustained with great 
alnhty by Protessors H. D. and W. B. Rogers. See Sie An. Add. ofthefmmer 
before the Accoc. ofAmcr. GedogiaCs aadNaturaUsts, 1841. 

The Glacier Theory. 
Descr. The history of glaciers, which has been given in the 
first part of this section, forms the groundwork of the glacier 
theory. It supposes (hat at the close of the tertiary period, a 
sudden reduction took place in the temperature of the surface 
of the globe, whereby all organic life was destroyed ; and in 
high latitudes at least, glaciers were formed on mountains of 
moderate aititude ; indeed, that vast sheela of ice were spread 
over almcet the entire surface, extending south as far as the 
phenomena of drift have been observed. The noithern regions, 
especially around the poles, are supposed fo have formed one 
vast Mer de Glace, which sent out its enormous glaciers in a 
uoutherly direction by the force of expansion ; and the advanot 
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and retreat of these glaciers, accumulated the moxaiues and. pro- 
duced the Btriaa ana embossed appearance {roches moiitonnees) 
upon the rocks. When the temperatuia was raised, the melting 
of the immense sheet of ice produced vast currents of ivater, 
which would lift up and bear along huge icebergs loaded with 
detritus, and thus scatter bowlders over wide surfaces. The 
blocking up of -the gorges by moraines, would form lakes- ntid 
ponds, in which clay and sand, such as now lie above the drift, 
might have been deposited, and afterwards the barriers of theso 
lakes, consisting of loose matter, may have been cut through, 
Hnd the waters gradually drained off, and assumed their present 
levels. In some parts of the world the elevation of mountains, 
c,e the Alps forinstance, during the same period, might have in- 
crensed the effects that have been described. 

Pnmf. 1 . The perfecllj preBerved elephaiKs and rhinoceros of Siberia in 
tTLizen niuil, ehon' that the change of climate theie must liave been very Eud- 
(Irii froai quito warm Id intense cold. 2. The general ubEence of orgnuie 
ieineine in the clay and eand lying above the clrlfl, mnkoa it ptohable tlat 
ciaring their depos^on the climate waa Ino cold to favor the exietrnce of ani- 
mals anil jilanls, wliile the highly urctic chamuter of the lew spcrdes of sheila 
ehnt have been Hianil in these ilcpoaita in New York, Canada, Scotland, 
Sweden, and [iusaia, confiims this unnclusion. 'J. The history of the eflVcta 
of glaciers ia the hi*lory of Ihe rhenompna of drilt in miniature. In the firsl 
p1:ic», t\\v moraines of ^aciers cn'reepond 1o th<^ accumulations of drill thid 
iiri; fo foiTimon in noftliern regions. The latter are, indeed, aomewhat modi- 
fied, luirity hy suheequent aqoeoHH agency, and partly by a somewhat differ 
ent. tiii>i{i' i>f iiTodurtion ; ao that the dJBtiucl varieties of moriiinea accompa- 
nyiiig ^1 cicrs aro nnt alwaja to !>e distingniflhed. Seeondiy,.the amoothing, 
ninfi.ibig, iind polishing of the roclia, are tho aaine beneath the glaciers as 
nvpr tiic whole iiortharn hemiapliere. Thirdly, tlie jjarallel atriffi upon (heir 
siirfaEes are perfeclly explained by the pasaage of ice over them in unbroken 
alieels, with'angutar fragmecta fixed into iheir kiwer surface. Fourthly, the 
jkirallei funowa and vSleys produced hy the agency under consideration, 
Uiwn IbeorestB and sides of steep mountains are very aoaJagous to those be- 
neath the ^ladeiB, the result of the joint action of ice and Water. FifUily, 
this same joint autlun may have transported bowlders (o great distances and 
lo<igod them upon precipitous ridges and on eandy jdains. Finally, thege 
effiots are ineJtpUcalile Ivy cunenla alone, 4. This theory fumiahes an ade- 
quate agency for smoothinp; and furrowing the slopea of mountains, and ibt 
the transportation of drift from lower to higher levels by an aacending ibrce; 
&,cU more difficult to explain than almost any other phenomena connected 
with drift. This might have been done both by iho expansive force of ice, 

Csbing one eitremily of the sheet up the hill, and- by water, lifting up ice- 
rgs with detrilua from the bottom of the valleys, and aa it roae, earring 
them lo higher levels, 5. It shows how depoaila of clay and sand might 
have been formed above the coarse detritus in laiea produced by the moraines 
and melting of the ice, and how their barrieia nflerwards might have been 
removed. "G. It gives a reason why those clays and Eands are so deatitute 
of organic remaina, viz. a cold climate, 7. It provides an agent sufficiently 
powerful to break dovwtt- ' "'-■ "" —'■ '— - "• — 



few instances in New England, by an enormous force op«- 

«(log obliquely downwards in connection with the furmalion of drift, Tha 



MpdjiMon and groat wdMit of a huge shett of ice might eiert a. fiiwe nprai 
obstacles almost irrBsistitild. 

f%. TliiB theory farnbhoE a very inadequate cause for the sonthcrly df- 
Tection taken by drifl oibf so large a part of the nerthein henii^^phere, It 
euppoSBB that as the earth waa coftling, most of the water that was evapo- 
lated IB tri^cal regions woald go. to be condnnBed in the polar vcgiens, 
bhA thua accumuluH there a vast quantity of ice^ so liuig as <he gLv 
etttC period, contioueil. Admitting such a process, k lui^ht pvoduce a mmle- 
late santherly movement In the ice na it expundcd. Bui the distance 
(oulherly to whick the (irifl hsa ln-en tranapLrled, e«eH that principal 

refer to such a caase. Anci beejdcB, the Boutherly dirtotion of the tbrc« 
seems Co have continued from the beginBiug to the enil of the wetk ; so Ihat 
the bottiHn of the vatleys^ ns well eg the (ops of the mounCaiifls have been 
equally affected by it. This- fact seema to indicate wmie other caaae besides 
mere expansion la give ati austral Jirectien to the force. It is Ji^cult, als», 
to conceive how currents, formed hy the mere meWng of ice, could havs 
transported bowlders from 400 to GOO mUes to the sonth, '2; I'he larscst ami 
most remarkable moraines Cen. gr. those of Flymsulk and Barnstable cuuu- 
^es in Massachusetts,) are situated at a great distance from csy mountains. 
Thisshowsat least that the idea of theii production by common glaciers, de- 
scending fiont. higher to Ifivrer eround, must be given up: though this idea is 
not, perhaps, essential to the theory. If wo can only suppose the sheet of 
ioB fixed immoveably on its northeni side, then, as it eipauded, it would en- 
largo on its southern side. 3, It is difficult to imagine a cause Ibr a sudden 
change on the earth's surface from an almost IrapicallQ i 

"' " ' '" " '"' "^ " ;e in the present ai 

■ysKim : wilooul nutuHjaiH^, ivi ifistaoce, the earth li 
lieat of the sun. If ^icCs prove surh a change, however, it must lie aTluiiltiil 
even if we can imasine no caose. 

Hem. 1. This theory was first suggestad by'Yenetz,a Swiss fngincer; 
theft odvocaSed by Chaijientier | and more recently broogbt ohE in its fuij 
proportions by Agassiz, m bis Bhuks sar lei Olacicfi. 

Rimi. 2. it gives nearly aaertOBeous an idta of this theory la sail it ainv 
ply the Glacial Theory, as il would to call it the Diiavial ihem'^ For it is 
agreed by all that immense currents of water, and esen extensive deluge*, 
must have been the result of the melting dcian of vast accunmlation^ of ice. 
These must have been saffidcnt to carry blocks and Eiavel from 400 to GCd 
Biiles southerly ; and to form extonBive laltes in the depressions of the sue- 
&ca. Aiu} if the return of heat was as sudden as-Agasnz supposes its de- 
parture to have been, vast deluges must have been the consequence. HenCB 
it would seem more appropriate to call this theory the ESadji-aqiieims Ihfoi'ii. 

Rem. it. A curious example to illustrate the eS^ct of the sudden melting 
of large masses of snow and ice^ has just been commanicated to mo by Re". 
Justin. Perkins, American Miseionarv at Oofoomiah, in Persia, not fiir from 
Mount Ararat, in a letter of Nov. d, 1840. In givine an accoBCt of two 
lerypowerfnl earthquakes, experienced on and around that ntotmtain in the 
■ummer of 1840, he says, " the vast aecumulatiou of snow which bad been 
increasing; on and about the tops of the mountains for oenlnriea, was broken 
Into pieces, and parts of it shaken doivn bq the sides nf the isountains in suet) 
innnense quantities, that (it being midsummer and the snow descending 
down as far as a warm chmato and suddenly melting,] torrents of waloi 
came rolling down the remainder of the mountain, tind flooded the plains fol 

Inf. 1 Very pioliiibly the Iceberg Tieories and the Glaci*3 
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Theory are not irreconcileable with one another ; or rather, the 
ull.mate and true theory of drift may probably be compounded 
of tiiese three theories. 

Proof 1. It is iniposalble to Bij|lEUn tho phenomena of drift in Nortii 
America, aud Northern Earope, without luiinitting the ti'ansit over tha 
fntiro antfiice of deep and long-ooBtiDUed. corcente of water, loaded with 
iElnnda of ice. Such current and such icebergs ere supposed in all 
these theories to have oiieted. 2. Mr. Meclaren haa Mndereci it probable, 
that if most of the globs was coTered with an ocean, there would eiist 
between tho tropes a westerly current, and without the tropics,. two eosterlj 
currents. If, now, ioe had been accumulated around the poles to e._ great 
thickness, (19,000 teet, says Maclaren,) as Agassiz supposes, its tbsion, upon 
Ihe return of hsat, would produce currents towards the equator ; and 
these, meeting with the easterly currents, would form B sootheaslerlj cur- 
rent in the northero hemisphere, and a noitheaBterly current in tho southern 
hemispbere. This would explain the southea^erly direction taken bj the 
drift in the northern henuBphere, — Gcdogy of Pife amd&e Lot}cUim,p.^lS!b. 
Also Oe SailsBum foi Dec. 1, 1841. S. Essentially the same effects would 
result, if we suppose deep and tone continued inundations of the land to have 
Inkon place from the melting of p3ar ice; so that it is not necessary U> sup- 
pose the gtacio-aqueous period to have e:d3tDd before tbe rise of our preset 
continent from the ocean, 4. Let us make a further supposition. Suppose 
the earth to have ceased to revolve on its alia during that period, and to have 
been removed from solar influence. The consequence would have been, that 
the water would accumulate around the poles to the ileptli of 13 miles, and all 
Of it be converted into ice; while the ei^uatorial regloiis would be left bare. 
Suppose next, that the earth was brousht into its present orbit and com- 
menced its diurnal revolution. The melting ico would How rapidly towards 
the equator, inundadug the land, and the currenla would take the directions 
above named. ■ 6. Murchison and Vernenii regard it as moat probable, that 
the striat upon the rocks of Northern Europe, were produced by "iceSoes 
and detritus, grating upon theboltom of the sea," and set in motion by cur- 
rents pro<lnced by the elevation of northern continental masses," On Ihe 
Qealogicai Stnictmv />f Bvssia in Ewojis, kij MwcMson aiid VemejiU,p. 13. 
Lontlim, ISll. S. The Alps are an- example of tb« rise' of a mountain to a 
considerable hnght during the period in which drift was accumulating; and 
their elevation produced important modifications of glacio-aqueous agency in 
thai part of Europe, inhere they exist. In fiict, it seems probable, that the 
conditions of thasevernl theories that have been described, may all have ex- 
isted in some part of the globe during the glacial piiriod ; and, therefore, it 
may be found that all those theories are in harmony with one another, 

Iitf 2. The proximate cause of the phenomona of drift 
seems at length to be detennined ; vis, Sae joint aelion of ice 
and water : so that the dynamics of this most difficuit snbjoct 
appear to bs at last nearly settled. 

Pnof. In all the above named theories, that are now adopted by geolo- 
gists, viz, the three last, ice and vaieT are the agents supposetl to have been 
employed ; and tho chief difference between them seeiua to be concerning 
their relative agency. 

Usui, This is certainly a very great and happy advance in a subject 
which only a few years ago presented an aspect truly chaotic. 

Xnf 3. Not improbably all advance which geologists will 
ever be able to make beyond the tnie dynamics of thir subject, 
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will he only vague conjecture : that is, while they may tindfff 
stand perfectly by what agencies the phenomena of drift hava 
been produced, and even be able to calculate the intensity of 
those agencies, they may never ascertain their origin, 

Revi. The case is the same in many other parts of geology ; and it ia 
alien faecatiee writers are not satisfied with ascertaining the proximate causes 
or phfanomena, and will speculate upon antecedent causes, that doubt and 
perplexily are thrown over a plain subject, and the whole science af^ar* 
luoro unsettled to the superficial reader than is acloallj the case 



SECTION VII. 



Hem. Many feels naturally belonging to (Ms Section, have been ne« 
eeesaiily anticipated in the preceding Swtione; and will therefore, need only 
to be reterred to in this place. 

Agency of Mail. 

Prin. Tlie human race produce geological changes in seve- 
ral modes: }. By the destruction of vast numbers of animala 
and plants to make room for themselves. 2- By aiding in the 
wide distribution of many animals and plants, that accompany 
man in hia migratioas. 3. By destrcfying the equilibrium b& 
tween conflictm^ species of animals and plants : and thus en 
abllng soma species to ptedominate at the expense of others. 4, 
By altering the climate of large countries by means of cultivs' 
tion. 5, By resisting the encroachments of rivers and the 
ocean, 6. By helping to degrade the higher parts of the earth's 
surface. 7. By contributing peculiar fossil relics to the alluvisJ 
depositions now going on, on the land and in the sea i such as 
the skeletons of his own frame, the various productions of his 
art, numerous gold and silver coins, jewelry, cannon balls, fee- 
that sink to the bottom of the ocean in shipwrecks, or become 
otherwise entombed. 

Exarlt. The only example of the entire extinction of the larger animals 
coeval with man, and probably thronrfi his agency, are the foilowins. I. 
The great tri^ e&, whnA was 10 ft. high to the top of the horns, which are 
fiom 10 to 14 ft. between their tips. 3. The doda, a bird larger than the 
turkey, which existed in Mauritius and the adjacent ielanda when they were 
colonized by the Dutch 300 years ago ; but it is no longer to be fininil ; and 
even all the stulfed speciDiens that were brought lo Europe are lost : eo thai 
a bead and a fooJ of one indivjjual in the Ashmolean museum at Oxford, 
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AGENCY OP THE INFEKIOH ANIMALS. ^2"! 

rt^Eratis of Nen Zealand uppeais Ui be oik tlie ^int of extinctiau, if luA 
RctuEillji extinct : ai only one Bpccimen of it exiBta m Europe ; and no otiiem 
can be obtained, thougli the misaionnriea say that ila akin is stiil worn by the 
nalives. Wondras qfCkdagf/y VoL ] . p. 106. 4 Tlie eix species of Dinornis 
firioeriy inliabiting Nbw ZoalanJ.of which a brief daECription and BketcU liaa 
been given in Sect. V. American Journal ^f Si:Unce, VoL 48. p. 104. 

In particular coHntriea it ia a more common oooilrreaee' foe species to be- 
come eitlnct; as (hebeaTcr, wolf, and bear, in England. la this country tho 
animEls of the forest are disappearing or moving westward us the forests are 
dealing up. Since the dialoifcry of the island of South Georgia, in lT71j 
one million two hundred thousand seal Bkine have been annuaU; taken from 
thence; anci nearly as many morefromtheMandof Desolation, Theanimal 
is becoming extinct at these islands. Hott msny of the smallci' animals may 
have become extinct, throuEh t)m agency of nmn, it is impossible to ascertain. 
It liaa been maintained With great confidMJce, that the climati) of Europe i« 
Very much warmer than in the days of UDcieBt Rome : sdiI thb has been im- 

Euted to the clesring away of the foresla. Rtes' Cydopedia, Article Climale. 
ut M. Arago has lately rendered it probable, that no such change has taken 
place. Idea's Priii. GeaL, Vol. 3. p, S56. In North America, fiowever, the 
exti^mee of heat and cold have probably been modiGcd by the dealing awajf 
of the forces. 

In Italy, the Po, Adige, and other rivera, ace prevented from overflowing 
Ihe adjaaent country by embanbments. These have been carried so high, and 
the bed of the river has so much filled up in some riaces, that the surface of 
the Po Is more devaied at Ferrara than the rooS of the houses. Lejdtt 
Prin. tfeol,, Vol. l,p.34S. 

Jnf. Some writers maiiitain that as species of animals and 
plants disappear from ihe earth, new species are created to take 
Iheir place at once, that the proper equilibrium of organic na- 
ture may be preserved. But as no certain example of the crea- 
tion of a new species has yet been discovered within historic 
times, this opinion can be regarded only as aa hypothesis. And 
the nnajority of authors suppose that in general no new creation 
takes place, until nearly the entire race inhabiting a country at 
any one period have been destroyed, either by a sudden catas- 
trophe, or in the alow manner that has been described. 

Oba. This qnealion, with the whtde subject of the permanence, distribu- 
tion, and mtitoal influence of spedes of animals and plants, is fully and ably 
discussed in lit/d^s Priaciplee of Gedo^, Book 'i. The general prindplea 
regulating theu' dlstribaUon have been given in SecUon V, 

Agency of Other Animals. 
Prin. Very many other animals esert an influence on geo- 
logical changes analogous to that of man, though less in degree, 
except the following. 

Polyparia or Polyps. 

Rem. The litholagical character of the stony habitation erected by Iheea 

ininute animals, has been described in Seelijn III. Some aeeount of tb« 

polyps has also been given in Section VI. The history of coral reefa ra- 
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Descr. Cocai reefs are ridges of calcareous rock, wliosa bssis 
is coial, (chieSy of tlie genera, poritea, astrea, madrepora meaii- 
drina and caryophillia,) and whose interstices and surface ara 
covered by broken fragments of tlie same, with broken shells 
and echini, and samd, all cemented together by calcareous mat- 
ter- They are built up by the polyparia. apparently on tho 
tops of submarine ridges and sometimes perhaps, though not 
generally, on the laargins of ancient volcanio cratere, beneath 
the ocean, not generally from a depth greater than 25 or 30 
feet, yet sometimes iSO or 130 feet I'be polyparia continue 
to build until the ric^e gets to the surface oi' the sea at low 
water j after which, the sea washes upon it fragments of coral, 
drift wood, &c, and a soil gradually accumulates, which is at 
length occupied by animals with man at their head. The ree& 
aie sometimes arranged in a circular manner, with s lagoon in 
the centre, where, in water a few fathoms deep, grow an abuE- 
dance of delicate species of corals, and other marine animals, 
whose beautiful forma and colors rival the richest flower garden. 
Volcanic agency often lifts the reef fat above the waters, and 
sometimes covers one reef with lava, which in its turn is covered 
with another formation of coral. The growth of coial struc- 
tures is so extremely slow, that centuries are required to pro- 
duce any important progress. The rate of iiicrease has not 
been determined. 

Descr. The diameter of the circular reefs has been found 
to vary from less than one to 30 miles. On the outside, the reef 
is usually very precipitous, and the water often of unfathomable 
depth. Fig, 1 13, is a view of one of these circular islands in 
the south seas, called Whitsunday Isle ; so far reclaimed from 
the waters as to be covered with cocoa rnit trees and with soms 
human dwellings. 
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CORAL REErs. 

Fig. UB. 




Wh ts nday a Coroi &ia 4 

Deicr These islets oceur abundantly m the Pacitic OcenB, 
between the thirtieth parallels of latitude. They abound also, 
in the Indian Ocean, in the Arabian and Persian Gulfs, in the 
West Indies, &c. Usually they are scattered in a linear man- 
ner over a great extent. Thus, on the eastern coast of New 
Holland, is a reef 330 miles long. Dia appointment Islands and 
Duff's Group are connected by 500 miles of coral reefs, over 
which the natives can travel from one island to another. Be- 
tween New Holland and New Guinea, is a line of reefs 700 
miles long, interrupted in no place by channels more than 30 
miles wide. A chain of coral islets 480 geographical miles long, 
has long been known by the name of the Maldivas. Some 
groups in the Pacific, as the Dangerous Archipelago, aie from 
1100 to 1200 miles long, and from 300 to 400 miles broad. 
LyeU's Prin. Geol. Vol. 3. p. 367. Especially See Couthoy an 
Coral Formatiam in the Pacific, mthe Bost. Journ. Nat. His- 
tory, Vol. 4. No. 1. 

Infusona. 

R:m. It is cerfiunly one of the moBt afitoniahing discoveries of modern 
Bcience, that the Bnimalcnla of mfusionH, of which 500.000,000 may live and 
eport in a drop of water, should originate extensive ibnnationB of rockii iind 
soils by theii skelelona. But the mystery is esplaioed when we learn how 
astonishing is their power of malljplication, The fsets on this subject, how- 
ever, have Been bo fully <le(ailed in S*cUon Y. that nothing more can Vo pro- 
fitably nddeil in tliia place. 

Agency of PlanU. 

Deter. Animal and vegetable substances, when buried in tlio 

20 



Host..:[jvGoOgIf 



230 GErWE AND GEATES. 

earth, ot the waters, sometimes undergo an almost entire liicOm^ 
position : at other times, this is very partial ; and sometimes 
the change is so slow that for years scarcely no apparent pro- 

Sress is made. Different substances will he the result of these 
ifferent degrees, of decomposition. 
Descr. Berzelius embraces all the organic matter of soils in 
the generic term hwrnus. Dr. Dana uses the term geme aa 
fiynonomouB with humus, when he speaks agriculturally. Eer- 
kbUus supposes humus to contain Tiumic acid, humin, crenie 
and apocrenie acid, and traces of glairin. Dr. Dana regarda 
these as different forms of geine, which, when in a soluble state, 
may be taken up by the roots of plants ; hut in an insoluble 
state, can afford no nourishment. When he uses the terra 
geine, however, in, a strict chemical sense, he means hy it the 
same as the humio acid of Berzelius ; or a compound of 16 
atoms of oxygen, 2 atoms of hydrogen, and 16 atoms of carbon. 
This unites with bases and forms geates, or humates. In some 
places, as on the western prairies, Uiese organic matters of soils 
increase so as to form a layer several feet thick ; but in general 
they are so much used in the nourishment of plants, that they 
rely become more than a few inches thick. 



Desa: The prevalent opinion among vegetnble physiologisfa htie been, 
that plants are nouoahed partly by imbibing cailionic aciiTthrough theit 
lenvea and their roots, and par% by taking up eoluble geine from tlie soil. 



I partly by imbibing cailionic 
, id partly by taking up eoluble 
Recently, Liebig, Haepail and otber distinguished chemi«la have advanced 
""" ■ ■•-.... ^ ate noudahed solelji by the ab( '' ^ ■ ■ ■■ 

lO other part in sustaining them 



B opinion, that they ate nourished solelji by the absorption of carbonic acid, 
mid that sdne acts no other part in sustaining them but to furnish that gas. 
LieHg's Organic C/remislry of A^ncu^iiTe awl Phmology, loith. iiofes, Im 
Professor Webster, Camiridge, 1841. Also Dmia's Mudi Mamua, LewS, 
1842. 

Peat. 
Descr. Peat usually consists of soluble and insoluble geine, 
with a mixture of londecomposed vegetable matter, and some 
earths. Most of it results from the decomposition of certain 
mosses ; especially of the genus sphagnum. ; which decay at 
their lower extremity, while the top continues to flourish with 
vigor. Trees and wnatever other organic matter happen to get 
into these peat hogs, soon become enveloped and assist to swell 
the amount. In some instances the beds have acquired a thick- 
ness of more than 40 feet. 

Descr. In tropical climates, except on high lands, the de- 
composition of vegetable matter is so rapid that it is resolved 
into its ultimate elements before peat can be produced. Hence 
peat is limited chiefly to the colder parts of the globe. In Ire- 
land, the peat bogs are said to occupy one tenth of the surface 
and one of them, on the Shannon, is 50 miles long and two oi 
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PEAT. 23] 

three troad. In Mas sachu setts, exclusi*-^ af the four western 
counties, the amount of peat has been estimated at not leas than 
120 millions of cords; and probably this falls far short of the 
actual amount. 

Deser. By the long continued action of water and other 
agents, the geine of peat is changed into bitumen and carbon, 
irhich constitute lignite and bituminous coal. In a few in- 
Btances the process of bituminization has been found considet- 
ably advanced in the beds of peat. MaccitUoch' s Si/stem of 
Geology, Vol. 2. p. 352. Dr. C T. Jackson's Second Report on 
the Geology of Maine, p. 80. American, Journal of Scitncei 
Vol. 35. f. 345. 

Descr. Peat bogs are remarkable for their antiseptic power, 
or the power of preserving animal substances ficm putrefac 
tion ; some remarkable cases of which are on ref ord lydls 
Prin. Geol. Vol. 3. p. 271. Whether this bo owing to the 
existence of acetic acid in the peat, or to the conversion of the 
animal muscle into adipocere, seems to be not well ascertained 

Descr, Peat bogs sometimes burst their harriers in con 
sequence of heavy rains, and produce extensive inundations of 
black mud, 

Deacr. The increase of peat varies so much under different 
circumstances, that it is of no use to attempt to ascertain ita 
rate of growth. On the continent of Europe it is stated to 
have gained seven feet in 30 years. Maoculloch ' System of 
Geology. Vol. 2. p. 344. 

Descr. Where peat ia formed in, or transported into estu- 
aries, it is sometimes covered with a deposit of mud ; over this 
another layer of peat forms, and in this way several alternations 

Descr. In some peat boga, large trees have been found 
Btanding where they originally grew, yet immersed to the depth 
of 20 feet : as in the Isle of Man, LyelFs Prin, Geol. Vol. 3. 
f. 269. 

Deser. The fbllowing analysis of three apeeimei 



lasBaehoBetta, will pva s 


in idea of the i 






Sundeiknd. 


Ftoru 
W.'estboro'. 


From 
Hadley. 


Soluble Geine, 
Insoluble, do. 
SalpbWaoflime, 
Phosphate of do. 
Silioalea, 


26.00 
59.60 
448 
0.73 
9.S0 


48,80 
43.60 
1.88 
0.19 
5.60 


34,00 
60.00 
1,36 
0,24 
4.40 
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Dnft Wood. 

Descr, Large rivers, which pass through vast forests, carrj 
dowji immense quantities of timber. When these rivers over' 
How their banks, this timber is in part deposited upon the low 
grounds. But much of it also collects in the eddies along tha 
shores, or is carried into the oeean. After a time it becomes 
ioaifi-lO'Tirpd ■ that is, saturated with wafer; and sinks to tha 
b m h deposit of entangled wood is often formed 

This is subsequently covered by mud ; and 

h n b y of wood is brought over the mud; so that in 

h g . several alternations of wood and soil are 

a d Ihe wood becomes kIowIv changed into what 

D ^ h ms forest feaf ; that is, peat which retains 

ts d bb 
Exa Th Ml siaeip^ furnishes the mast remarkable example kn i^a 

fse cc m In conseijuejice of some obstruction in the arm of 

h A cha&laya, supposed to have been formeily the bed of 

Red had accumulated in 35 years, which in 1816 wbb 10 

miles long, 320 yards wide, and 8 feet thick. Although floating, it is caieiei 
with ILvina planu, and of course with soil, SLoiilar colb occur on the Heel 
river ; and one on the Washita, concealed the sncfaCB for I7 leagues. At 
the mouth of the Mississippi, also, numerous nlternaCiona of drift wood and 
mud exist, extending over hundreds of square leagues. l/yeWs Prin. Geol, 

Vol, 3. p. 8. Amaiam Jourjial of Science, Vol. 3. p. 17. 

ExiM. 3. Similar deposits ofwooJ and mui! are found in the river Mae- 
ken^ie, which empties into Ihe North Sea; and in the lakes through which 
it passes. At the mouth of (ha river, Which is almost hejond tha region of 
vegetation, are extensive deposila brought from the more soalham regions, 
through which the river passes, Iji/eS's Pria. Gsol. Vol. 3. p. 310. 

Exam. 3. A part of the drill wood which is brought down the Missi^- 
mppi and other rivers, along the coast of America, is carried noithward by 
the Gulf Stream, and thrown npon the coasts of Greenland. The same 
thing happens in the bays of Sjntibergen, and on the coasts of Siberia, I^J' 
eS^s pTin. Gtol. Vol 3, p. 313. 

Inf. In the history of common peat and drift wood we aeo 
the origin of the beds of coal which eMst in the older strata 
for it needs only that the layers of peat (in which term I in 
elude submerged drift wood ) should be bitumimzed and the 
intervening layers of sand and mud be consolidated in order 
to produce a genuine coal formation fonmon mirib peat 
alone, can have originated but a small piit of the beds of coal 
Phillips's Geol. p. 116, 

Consolidation of Lodi. Malerjali 

Bern. Having in this and the preceding sections Je cr lei a variety of 
natural processes by which just such matenah as form Iha foss ] ferous rorka 
areproduceJ, it remains to enquire vhether any agents are now noperatos 
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CONSOLIDATION OF LOOSE MATERIALS. 233 

PHn. A considerable degree of solidity is sonietlmea pi'th 
dnced by mere desiccation. 

When clBjr ia exposed for £ 
ioie rocks; — es. gr. the marly 
Superior. ZmlPs Prin. QeM. Vol. 1. p. 317. 2. Some rocfcs, when dug 
from It consiilerable depth in the earth, in so boA a. state be to be readily cat 
\nth a knife, become very hard on expoeore to Che atmoEphere. 

Prin. Carbonate of lime, conveyed in a state of solution 
among tbe loose particles of gravel, sand, clay, or mud, and 
tbere precipitated, becomes a very efficient agent of conaolida- 

Exam. 1. On the shores of the BermaJa and West India IsIanJs, ex- 
tensive accumulations of broken ebells, corals, ani] Gand, are fbrmcd upon 
the shores by the waves; aniltbeseare subEequently consol <] t d f qu ntly 
into very hard rock, by the infiltration of the wat«f which ntain D n te 
of liroB in Bolution. Tiie famous Guadalope rock, in which la an t Is- 
tons, along with pottery, Etone arrow heads, and nood n nam nta ar 
iband, is of the same kind. S. The Mediterranean delta f th Rh n la 
ascertained Co be in a good measure solid rock, prodnced by th num na 
springs 'Chat empty into it, that contain carbonate of lime n lut n The 
same is true of the deposits at the mouths of other rivers in th eth p t f 
Italy r but more especially on the east coast of Che Med t an , wh 

the ancient Sidon, toToierly on the coast, is now tvio miles inland. lAjeWi 
Prin. Gcel. Vol. 1. p. 433. 3. In Pownal, Vermont, three miles north of 



;witi^ iiiuTuie, i3e- 
j,. , . , . , la to be nearly e> 

solid an the origin^ limestone. This was fc<?omp1isheil iti 17 years. 

Pnii. Another agent of consolidation is the red or per oxide 
ofiron; or rather the caibonate of iron; since the per oxide is 
not soluble in water, without carbonic acid, 

E.inm. 1. On the northern coast of Cornwall, Eng., large massfS of 
driflfd sand h»ve been cemented by iron into rocks, solid enough sometimes, 
to bp employed for building stones. 3. A similar case occurs on tho coast 
of Karamania, and other parts of Asia Minor. De La iJetfe'j Mamual, p. 
'IS, In the United 'States it is commMi to find the sand and gravel of tbe 
jrift and tertiary strata, more or less consolidat*d by the hydrated per oxide 

Pi iM. Silica dissolved in water, appears to have been in for- 
mer times, an important age.it in consolidating rocks ; but at 
the present dav it seams to be limited chiefly to deposits from 
thermal wateis, since it is only water in this condition thst 
ivill dissolve silica in miicli quantity. 

EXBHii. The deposits around the Geysers in Iceland, tlie Azores Islands, &c. 

Prin. Heat is an important agent ia the consolidation of 
rooks; tbe most so when it produces complete fusion: yet this 
is not necessary to the production of a good degree of solidifica- 

20* 
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E}:)Mi. The instances are so common in the Hrta, (os in liuTning bricks, 
pjttcry, ponielain, &c.) wlicre heat Bolidifies ; anil also in the vicinity of vol- 
canos, waerB loose matarials haveltecome very hard by the proximity of lava, 
that particular instances neetl not be pointed out. 

Prin. In many of the cases tliat have been described, g^eai 
pressure assists in the work of consolidation. Indeed, it is 
sometiines sttfUcient of itself to bring the particles within tho 
sphere of cohesive attraction. 

Exaiit. This principle is loo well understood lo require particulai tn 
Stances to he pointed out. 

General Infer cnr.e from, this and the Preceding Section. 

Inf. From the facts detailed in this and the preceding sec- 
tion, it appears that all the stratified fossJliferous rocks of any 
importance, may have resulted from causas oow in operation. 

Proof and Exam. I. Beda of clay nepci only lo bo consolidaleil lo be- 
come clay elate, eraywacke slate, or shale. 3, The same is trae oflne mud. 
3. Sand consolidated by carbonate of lime, will produce calcareous sand- 
stone : hy iron, ferruginoua sandstone. 4. Drift, in tike manner, will form 
bonglomefatea of every age, according to variations in the agents of consoli- 
dation. 5. Marls need only to he consolidated to form argillaceous lime- 
stones ; and if sand he mixed with marl, the limestone will he siliceous. 6. 
Coral ree& and deposits of travertin, euhjected to strong heat under pressure, 
will produce those secondary limestones that are more or less or3'stalline : 
bat more of this under the next section. 7. We have already seen how 
beds of lignite and coal may be produced from peat and driftwood. S. The 
tbrmadon of such extensive b*ds of rock salt and gypsum, as occur in the 
secondary and ternary rocks, is more difficult to explain hy any cajise now 
inoparation. And yet in respect to the former, it is said Ihat (he lake of In- 



ice, on the steppes of Siberia, has a 
I inches thick, hard as stone, and 



salt on its bottom more than six inches thick, hard as stone, and perfectly 
white. The lake of Penon Blanco in Mexico, yearly dries up, and leaves a 
deposit of salt sufficient (o supply the country. Ore's Geo&ej, p. 373. 1 
have also described a somewhat similar case at the lake of Uoroamish in 
Persia. (See Section III.) And I have just been informed (April, 1S42) by 
Mar Yohanna, bishop of Ooroomiah, who is now on a visit to this country, 
and who resides near the north end of that lake, that a small pond, coventig 
about an acre, exists near his residence, which has a permanent deposit oi 
sail several inches thick on its bottom. It is separated from the lake by a 
low narrow ridge of sand. According to Dr. Dauheny, (Report on Mtmral 
Waters, p. 7,) tTiick beds of rock salt exist at the bottom of lake Elton, and 
of several other iskes adjoining the Caspian Sea. Probably, however, volcanic 
action was concerned in the deposition of rock salt. The origin of gypsum 
is still more difficult lo explidnby agencies now at work, since we know of 
veiy lew springs that deposit it, and these (ex. gr. at Baden near Vienna,) 



n small quantity. 
" " ft do. 



ft does not follow from the preceding inference that the causes 
of geological change now in action, have not oporat«d during the dcposidon 
of the fossiliferons rocks vrith greater energy than at present ; hut only that 
(hey have been identical in nature, during the past and present periods. 

Rem. 3, We can better judge whether existing agents have produced the 
older stratilied rocks, and the uns(rati£ed class, when we have examined Iha 
dynamics of igneous agencies. 



Host..:[jvGoOgIf 



SECTION VIIL 

iNCIES IN P110DUCIN6 



Def. Vakanic action in its widest sense, is t 
exerted by the heated interior of the earth upon its crust, 
leneous agency has a still more extensive signiiioation ; em- 
bracing all the action eserted hy heat iipon the globe, whether 
the source be internal or external. The history of the former 
will prepare us hotter to appreciate the influence of the latter. 

Prin. Volcanic agency has been at work from the earliest 
periods of the world's history; producing all the forma and 
phenomena of the unstcatified roohs, from granite to the most 
recent lava. Modern volcanos will first come under considei- 

Def. These are of two kinds, extinct and active. The 
former have not been in operation within the historic period i 
the latter are constantly or mtermittingly in action, 

Duf. A volcano is an opening in the earth from whence 
matter has been ejected by neat, in the form of lava, scoria, or 
ashes. Usually the opening caUed the crater, is an inverted 
cone ; and around it, there rises a mountain in the form of a 
cone, with its apex truncated, produced hy the elevation of the 
earth's crust and the ejection of lava. The volcanic cones vary 
in height from 600 feet (Stromboii,) to 17.730 feet. (Cotopasi.) 
Hiimboldt on the Superposition of Rocks, p. 408. 

Def. When nothing but aqueous and corrosive vapors have 
been emitted from a volcanic elevation foe centuViea, such ele- 
vation is called a solfatara, or fumerole. 

Def, When volcanos exist beneath the sea, they are called 
submarine ; when upon the land, subaenal. 

Descr. As a genera! fact, volcanic vents are not insulated 
mountains, but are arranged in extensive lines, or zones; often 
reaching half around the globe. 

Exam. 1. Ferliaps the most remarkuble line of vents is the Inng clisiQ 
of islands commencing with Alaslia on the coast of Russian America, 
which poss«a over the Aleutian Isles, Kamschatka, the Kurilian, jEipaiiese, 
PhilHppine, and Moluecan lalss, nnd then turning, includes Sumbawa, Jafa, 
and Sumatra, and terminates at Barren Island m the Bay of Bengid. 3. 
Ariolher almost equally oitensive line, commences at the southern eittemity 
of S. America, and following the chain of the Andes, passes along the Cor- 
dilleras of Melien, thence into California, and thence northward as far at 
least as Columbia river ; which it crosses lietween the Pacific Ocean and 
the RMky Mountains. Parlcei's Tow bej/mtd the Rocky Mnmtaim. 3. A 
volcanic region, 10 degrees of latitude in breadth, and 1000 miles long, eX' 
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tending from the Ajore Islands to the Caspian Sea, abounds in volcanos 
lliough very much Boaltered, T cd * pe 

hapahellet known for volcanic g g 

cense no eruption occurs there 

Def. Volcanos not ar g d I 11 d 

central volcanos, and are m 1 Id 

Emtii. Iceland, tlie d I I 1 d y 1 d 

Island of Bourbon, Jocull M d g in I 

Asia, of 2500 square geogiapliical milas, from 800 to 1200 nules 
from the ocean, De la, Becke's Theoretical Geology, p. 130. 

Descr. The number of active volcanos and solfataras on tha 

g'obe, is estiinated at a little over 300 : (303) Co-nsideraiions 
enerales sur les Volcam, ^c. far M. J. Girardm, p. 28. Paris, 
1831, and the number of eruptiona about 20 in a year, or 2000 
in a century ; though on both these points there is room fo* 
considerable uncertainty. 

The folloviina taWe will show hoiv the active volcanos and solfataras are 
ilistributed on the globe. 



On 

1 Continents, 


On 

Islands. 


Total. 


Europe, 

Africa, 

Asia, 

America, 

Ooeanica. 


i 
3 
17 
SfS 


9 

20 

ye 

lOS 


40 
■ 108 


Total. 


109 


l'J4 





Descr. 194 of these volcanos, or about two thirds, are 
situated upon the islands of the sea: and of the remaining 
thjcd, the greater part are situated upon the borders of the sea, 
or a little distance from the coast. Girarditih Considerations, 
^e. p. 25, 

Inf. Hence it is inferred that water acts an important part 
in volcanic phenomena : indeed, it seema generally admitted 
that the immediate cause of an eruption is the expansive force 
of steam and gases. It ought not to he forgotten, however 
that some volcanos are far inland : as Jonillo in Mexico, and 
the volcanos in central Asia. 

InlermiUent Volcanos. 

Descr. Only a few volcanos, are constantly active', in most 
cases their operation is paroxysmal ; and is succeeded by longef 
or shorter intervals of repose. This interval varies from a few 
months to seventeen centuries. In the Island of Ischia, tha 
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latter period hns been known to intervene between two erup- 

Inf. Hence some of the volcanos of America, generally re- 
garded aa eKtinct, (as Cliimborazo, and CarguairaEO in Quito, 
Tacoaa in Peru, and Nevado de Tolnca in Mesieo,) may yet 
break forth and show themselves to belong to the class of actire 
volcanos. 

Phenomena, of an Erwption. 

Descr. A volcanic eruption is commonly preceded by earth 
quakes in the vicinity ; stillness of the air, with a songc of 
oppression ; noises in the moiiiitain ; and the drying up of 
fountains. The eruption commences with a sudden explosion, 
followed by vast clouds of smoke and vapor, with flashes of 
lightning, and showers of ashes and stones ; and finally by red 
hot lava ; which flows over the rim of the crater and spreads 
over the surrounding country. 

Descr. Probably the most remarkable eruption of modern 
times took place in 1815, in the island of Sumbawa, one of the 
Molucca group. It commenced on the 5th of April, and did 
not entirely cease till July. The explosions were heard in 
Sumatra, 970 geographical miles distant in one direction, and 
at Ternate in the opposite direction, 720 miles distant. So 
heavy was the fall of ashes at the distance of 40 miles, that 
houses were crushed and destroyed beneath them. Towards 
Celebes, they were carried to the distance of 217 miles ; and 
towards Java, 300 miles, so as to occasion a darkness greater 
than that of the darkest night. On the 12th of April, the float- 
ing cinders to the westward of Sumatra, were two feet thick ; 
arid ships were forced through them with difiioulty, Ijargo 
tracts of country were covered by the lava : and out of 12.000 
inhabitants on the island, only 26 survived. 

Deacr. During the great eruption of the volcano of Cosi- 
giiina in Guatimala, on the shores of the Pacific, in 1835, ashes 
fell upon the island of Jamaica, 800 miles eastward : and upon 
the deck of a vessel 1200 miles westward. America^i Jnumal 
of Science, Vol.. 33. p. 53. 

Dsscr. The situation of Vesuvius and Etna has made their 
biatoty belter known than that of most volcanos. Eighty one 
eruptions of the latter are on record, since the days of Thucy- 
iides ; and thirty seven of thp former, since the first century 
of the ChristiMj'era. That which occurred in Vesuvius A.D. 
79, is best known, from the fact tiiaL It b-.:r:-d *l;'o" citiea. Her- 
culaneum. Pompeii, and Stabiae ; which were flourishing at us 
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base. Not much melted lava appears to have been thrown ou( 
Ht the eruption, which consisted chiefly of lapilli, sand, and 
stones. Hence it is, that almost every thing enveloped in those 
cities; — streets, houses, inscriptions, papyri, (manuscripts,) grain, 
frttit, bread, condiments, medicines, &c. &c. are in a most per- 
fect state of preservation. They are, indeed, perfect examples 
of fossil cities I LyeU'spTin. Geol. Vol. 2. p. 189. Dr. Jawts 
Johnson's Philosophy of Travelling, p. 232. 

Bern. The vast q^uaiitity of aqueous vapor Ihat escapes iaria^ a volcanio 
eruption, is often condensed and descends in torrents of rain, which falling 
upon the ashes, which the volcano has cast out, converts them into mud ; 
and it was probably mostlj mud that enveloped Pompeii, though Heroola- 
neom appears to have been covered with melteil matter. Mud ready formed, 
however, not unfreq^nentl; vi emitted from volcanos. 

DescT. In the year 1759, in -the elevated plain of Malpais 
in Mexico, which is from 2000 to 3000 feet above the ocean, 
and at the distance of 125 miles from the sea, a volcanic erup- 
tion took place, producing six volcanic cones ; now varying in 
height from 200 to IBOO feet. Around these cones, and cover- 
ing several square miles, are a multitude of small cones, from 
6 to 2 feet high, called hornitos, which continually give off hot 
aqueous vapor and sulphuric acid. 

Rem. There is still a diversity of opinion as to the manner in which vol- 
canic cones are Ibimed. Von Bucb, the distinguished Prussian geologist, 
maintains that a large part of the cone is prodac«cI by the upiieaving of th( 
strata, and that the crater, which in such cases he oalis a crater of elirBaiifm, 
results from the fracturs at the aummil. Upon this elevated mass lava aecu- 
mtilates. Other geologists suppose the cone to be entirely formed cf lava. 

Descr. Sometimes during a violent eruption, the whole 
mountain, or cone, is either blown to pieces, or falls into the 
gulf beneath, and its place is afterwards occupied as a lake. 

Bxara. 1. In IT^, the Papandayang, a large volcano in the islaral of 
Java, after a short and sovere eruption, tell in and disappeared over an extent 
15 miles long and 6 broad ; burying 40 villages, and S957 inhahvtanls. 2 
In 1G38, theTic, a volcano in the island of Timor, so high as to be visible 
300 miles, disappeared, and <tB place ie now occu^ncd by a lalte. 3. Many 
Ukes in the south of Italy are supposed to have been thus formed ; and thia 
is probably the origin of the Dead Sea in Palestine, of Iflhe Ontoomiah in 
Persia, Sic. BakeieeU's Oeology, p. 265. 4. A volcano occupying the soma 
*pnt| as the present Vesuvius, is aupposed thus to have been ciestroyed in 79. 
and its remains to constitute the circular ridge, called Soinna, which ta seve- 
ral miles in diameter. 

Dynamics of Volcanic Agenci/. 

Prin, We can form an estimate of the power exerted by 
volcanic agency, from three circumstaJices : first, the amount of 
lava protruded : secondly, from the distance to which masses 
of rock have been projected : and thirdly by calculating the 
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force requisite to raise lava to tte tops of existing craters from 

Descr. Vesuvius, more than 3000 feet high, has launched 
scoria 401)0 foet above the Bummit, Cotopaxi, nearly IS-OOO 
feet high, has projected matter 6000 feet above its summit ; and 
once it threw a stone of 109 cubic yards in volume, to the dis- 
tance of nine miles, 

/teo-. Taking the specific grmity of lava at 3.8, the following table will 
Ehow [he £)tce requisite to cause it to flow over the lops of the several vol- 
tanoa, whoee names are given, with thiar htagllt abote the sea. The initial 
velocity which eueh a force woald produce, is also given in the last columo. 



Name. 


Height 


1 Fore 
erldd 


ei- 
upon 


looity per 








Strom boii, highest peak,) 


ai68 


176 Atmosph 


erea. 371 feet. 


TeBUvius, 


3874 


314 




496 


Jonillo, Mexiro, 


2943 


319 




503 


Hecla, Iceland, 


5106 


413 




570 


Etna, 


10893 






833 


Teneriffe, 


134G4 


1009 






Mouna Kea, Sandwich lalea, 


1470(1 


1191 




966 


Popocatapetl, Mexico, 
Mount Elias, 


17713 
18079 


1435 
1465 




10S3 


Colopaxi, auito, 


18869 


1492 




1104 



Rem, Tliere can lie but little doubt but the chitoDer of a volcano ex 
[enda generally as much below the level of (he sea, as it does above; and 
nflen probably fifty times as deep : so that the actual force pressing upon 
the lava in its reservoir, may be far grealer then the second column of the 
preceding table represents : and (he inlliid velocity much greater than in the 
tbird column. 



Descr. The amount of melted matter ejected from \ 
in the eruption of 1737, was estimated at 11.839.168 cubic 
yards ; and in that in 1704, at 22.435.520 cubic yards. But 
these quantities are small compared with those which Etna has 
sometimes disgorged. In 1660, the amount of lava was 20 
times greater than the whole mass of the mountain ; and in 
1669, when 77.000 persons were destroyed, the lava covered S4 
square miles. Yet the greatest eruption of modern times wag 
from Skaptar Jokul in Iceland, in 1783. Two streams of lava 
flowed in opposite directions ; one of them 50 miles long and 
12 broad ; and the other 40 miles long and 7 broad : both hav- 
ing an arerage thickness of 100 feet: which was sometimes in- 
creased to 500 or 600 feet. Twenty villages and 9000 inhabi- 
tants were destroyed. Lydl'sPrin. Geo!,. Yol. 2. p. 254. 
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New Isloiuds formed by Volcanic Agency. 

DescT. Histoiy abounds witli exasiples of new islands rising 
out of tile sea by volcanic action. Suet were DelM Rhodes, 
end the Cyclades, situated in the Grecian Archipelago, and de- 
scribed by Pliny the naturalist, and other ancient writers. In 
more modern times, small islands have risen in the Azore group: 
such as Sabrina in I81t, which was 300 feet high, and a mila 
in circumference : but after some months it disappeared ; ano- 
ther in 1720, was six miles in circumference. In 1707, the 
island called Isola Nuova, was thrown up near Santorini, and 
continues to this day. Just before the great eruption of Slcaptai 
Jokul in Iceland in 1783, a new island appeared off the coast; 
which, however, subsec[uently disappeared. In 1796, a now 
island rose to the height of 350 feet j having two miles of cir- 
cumference, in the Aleutian group, east of Kamtschatka, which 
is permanent. In 1806 another permanent island rose in the 
same vicinity, four geographical miles in circumference. In 
the same 'archipelago, in 1814, another peak arose, which was 
3000 feet high ; and which remained standina; a year afterwards. 
In those cases where the cone does not sink back beneath the 
sea, it is probably composed of the more solid lavas, such as 
trachyte, or basalt. So late as 1831, a new island appeared 
near Sicily in the Mediterranean, rising to the height of 220 
feet, and after exhibiting volcanic pbeaomeua for sometime, it- 
disappeared. Girardin Considerations, i^e, sv.r les Volcans, p. 
31 — Poulett Scrape's ConsideratioTis on Volcanos, p. 172, Lour 
don, le^d—Lydrs Prin. Geol. Yol. I. p. 288. BaJcewelPs 
Geology, p. 261. 

Rem, 1. In some instances Ihe islands thaa raisei!, are cumposed mainly 
of the rocka which Sum the bottom of the sea; and which has be?n up- 
heaved : as the island of New Kamenoi, near St. Erini, which roae in 1707, 
and vrhich was composed part); of liinestone and covered wi(h living shells. 



Deser. Very m ny 1 g Id pp ar to be wholly, or 
almost entirely, th I f 1 an ion ; and to be com- 

posed chiefly of 1 d 1 ph d by volcanic action ; 

Buch as sandstone dim he Sandwich Islands: 

of which Hawaii, I 1 g square mile? of sur- 

face and rises 18 000 feet above the ocean: Teneriffe, 13.000 feet 
high: Iceland, Sicily, Bourbon, St. Helena, Tristan d'Acunha, 
the Madeira, Faroe and Azore Islands ; a great part of Jav^ 
Sumetra, Celebes, Japan, &c 
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Characler of Molten Lava. 

Descr. Lava in general is not very thoroughly melted ; so 
that when it moves in a current over the country, its sidea 
form walla of considerable height, and a crust soon forms over 
its surface, which serves still more to prevent its spreading out 
iatoraHy. 

jfleni: Hence a. lava current may be deflected from its course by brewing 
away its crust ou one side : and in this way it has sometimes been turned 
nway fmm towns that were tbreatened by it. In one insteoce, the inhabit- 
ante of Catania attacked a lava current and turned k towards Paterr.o; 
whoaa inhabitants took up artns and arrested the opration. IjyeU's P/iit. 
<leol. Foi.3.p.2l3, 

DescT. The crust that forma upon lava bdoii becomea a g^od 
non-conductor of heat ; and hence the mass requires a long time 
to cool: ex. cr. the case of Jorullo in Mexico, 1600 feet hig/', 
which was ejected almost 100 years ago, hut is not yet cool. 
The lava thrown out of Etna m 1819, was in motion, at the 
rate of a yard in a day, nine months after the eruption: Scrape 
on Volcanos, f. 101. and it is stated that lava from the same 
mountain, at a previous eruption, was in motion after the lapse 
of 10 years. Ue, La Beckys Theoretical Geology, p. 135. 

Hevt. This exjjains a curions fact. In 1828, a maes of ice was ibuna 
on. Etna, lying beneath a current of lava. Probably before this flowed over 
it, the ico might have been covered by a shower of volcanic ashes ; which 
are a good non-ccmduolor of heat; and might prevent the immediate melting 
of it] while the superimposed lava has preserved it from the period of its 
erupUon to the present, 

Descr. When lava is thrown out upon the dry land, with 
only the pressure of the atmosphere upon it, it is apt to become 
vesicular and scoriaceoiis : but when ■ cooled slowly and under 
great pressure, it becomes compact and may be even cryataUine. 

Volcanos constantly Active. 
Descr. A few volcanic vents have been constantly active 
since thoy were first discovered. They always contain lava in 
a state of ebullition ; and vapors and gases are constantly 
scaping. 
Estill. I, Slromboli, one of the Lipari Islands, has been observed longer 
probably than any volcano of this class; and for at least 21100 years 
It has been unremittingly active. The lava here never flows over the top 
of the crater ; IhoHgh it is sometimes diacbatned through a fissure into the 
sea, killing the fish, which are thrown upon the shore ready coolted. It is 
said lo be more active in stormy than in feir weather ; hiewise more so in 
winter than in summer: a fact explained by the different degrees of pressura 
eserted by the air upon the lava at different limes. When the air is light 
the internal force predomiiiates ; but vihea heavy, it restrains the anai^ of 
the voioano 

21 
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242 VOtCANO OF KIRAUEA. 

Exam, 3. In lalie Nicaragua is a volcuiio which is conatanlly biiroiTiG 
ViJlarioa in ChiU, so high as to be Been 150 mil™, ia nerer quiet. Th 
vane ia said to be the case with Popocatepetl, in Meixico, which is nearly 
18.000 ftel high. Erer since the conqoest of Masieo il has been pouring 
forth smoke. Oirca'din's Caiisidei'aliBiis, i^. j/. 1S3. 

Exam. 3. But the mast remarkable volcano an the globe 
is that of Kirauea or Kilauea, in. the Sandwich Islands, on 
Hawaii ; for the iirst accurate account of which we are indebted 
to American missionaries. American Jour, of Science, Vol. 11, 
f. 1, ain,d 362, Rev. Meaara. Stewart and Ellisj the first an 
American, and the latter an English missionary, have both 
given ua most graphic and thrilling descriptions of it. It ap- 
pears to be situated upon a plain 8000, or 10.000 feet above the 
ocean ; and at the foot of Mouna Roa. In approaching the 
crater, it is necessary to descend two steep terraces, ea 1 f m 
100 to 200 feet high, and extending entirely around the 1 n 
The outer one is 20 and the inner one 15 miles m ra 

ference ; and they obviously form the margin of va t t 
formerly existing. Arrived at the margin of the f reae t ate 
the observer has before him. a crescent shaped e\\\i IWOf eJ 
deep ; at whose bottom, which is from 5 to 7 miles in um 

ference, the top being from 8 to 10, is a vast lake of lava, iii 
some parts molten, in others covered with a crust ; while in 
numerous places (some have noticed as many as 50 at once.) 
are small cones, with smoke and lava issuing out of them from 
time to time. Sometimes, and especially at night, such masses 
of lava are forced up, that a lake of liquid fire, not less than two 
miles in circumference, is seen dashing up its angry billows, and 
forming one of the grandest and most thrilling objects that the 
imagination can conceive. Pig. 114, is a view of this volcano 
taken by Mr. Ellis. 

Rem. A powerful eruption of this volcano took place in May and Jnne, 
1840 For several years the great gulf had been graclunJly filling np until it 
was not more than 900 feet deep. At length the lava found a subterranean 
passage, anil flowed 8 miles under ground, when it reached the snrfece, and 
then advanced 32 miles further ; and for three weeks continued to pour into 
the sea a stream of reJ hot lava with frightful hissin™ and detonations. 
Hhs'aonary Herald for Julf, 1841. Aaoimt ly Rev. Mr. Coim, American 
Muiimary, 
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lARTHaUAKEH. 




oiih 



d out from beneath the 

Hit, 2, Lines or trains 
between the vents ; and 



. Wher 



yby 



(hoi 



and miles ii 



Dposing that the fissure 
n made, must extend to a 
L 1783, a submarine volcano, on the 
cuast of Iceland, ceased to eject matter, immediately another 
I roke out iOO miles distant, in the interior of the island. 4. 
Were not the power deep seated, voleanos would become ex- 
hausted; as they sometimes throw out more matter at a single 
eruption, than the whole mountain melted down could supply. 



Earihmakes. 



Dexcr. Earthquakes almost always pref 
tion ; and cease when the lava gets vent. 

Itif. 1. Hence the proximate cause of 
0H9 : via. the expansive efforts of volcanic 
Death the eauh'a surface. 



5de a voloiinio erup- 

'avthnnoli^^f IS obvi" 

be. 
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Inf. 2, Hence too the 1 1 m f I d eart 

quakes, is the same : whate h m b 

TJeser. Earthquakes ar d 
gularities of the seasons ; by d 
tlie air, violent winds, succeed d bj d d 
but it is do«btful, wbethec ! p 
ginary than real. That el 
or lire, should issue from tb I 
noises, like the trundling of 
tillory, should be heard be h h 
like sea sickness should b p 
should show greater alarm m 

because they are effects ii II 
phenomena. 

Descr. During the pa j 
rumbling noises are heard 1 d mb! d k 

fissures open on the surface, and again closp swallowing up 
whatever may have fallen into them; fountains are dried upj 
rivers are turned out of their courses ; portions of the "Jurface 
are elevated and portions depressed ; and the sea is agitated and 
thrown into vast billows. 

Exam. The Cnses that might be meiitioiied, of cities and towns, wbo'ly 
or in part Biibmerg«1 by the ocean, id oonaequence of eaiiliquakes, ate very 
aumerons. In the ;(ear 876, Monnt Acraoea is said to have fallen intc 'he 
tea : in 54l, Pompeiopolia was half swallowed up : in 1693, a part of Port 
Etoyal in the West Indies was sunk : in 1755, a part of Lisbon : in 1812, a 
part of Caraccas. About the aame time numsroUB earthquakes agitated Iho 
vaHay of the Misassippi, for an extent of 300 miles, from the mouth of the 
Ohio, lo that of the St. Prancia ; whereby numerous tracts were sunk down 
and others rajseil, laieE and islands were formed, and the bed of the Missis-, 
aippt was esceedingly aLtered. In 18!9, the bed of the Indus, at its mouth, 
was sunk 18 feet, and the village and port of Sindrea submerged. At the 
aame Ume a tract of the delta of the Indus, 50 miles long and 16 btroad, waa 
flevated about 10 feet. In Oaraccas, in 1790, a forest was sunk over a space 
of 800 yards in diameter, to the daplh of 90 or 100 yards. In 1783, a targe 
pa.rt irf Calabria was terribly convulsed by earthquakes, over an area of 500 
square miles. The shocks lasted for feur years; in 1783, there were 949, 
and in 17B4, 151. A vast nnmber of fissures of every form were made b 
tbe earth, and of course a great many local elevations and subsidoncea; 
which, however, do not appear to have csoeedeil a few feet. In some sandy 
plains, sicffular circuJaT hollows a few feet in diameter, and in the form of 
an inverted cone, were prodaced by the water, which was forced up throiigli 
the soil. Some ofthese are exhibited on Fig. 115. 

Rev. Mr. Parker has described a remarkable snbsiiience, 20 inilpa in length, 
>nd a mite in width, jast above the tails in Columbia river. Through this 
whole distance the trees are standing in the bottom of theBtwam,at aii aver- 
age depth of twenW feet ; only that part of them above high water mark be- 
ing broken off, H« could discover no evidence that this tract had separated 
frOTQ the bank of the river. But the whoia region appears to be one of ex- 
tinct volcanos, and the river parses through hilts and walls of basalt, and 
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]artl>qtiake. The banks 
jiUiaiion that a \ske has b«en 
, and overflowing the Rdjacent 
lake with trees standing in it, 
Tmir beyyad t/ie Bodhy MraJ^- 




Hbtes formed btf an Ear th^ tuke 



The most extensive elevation of iand on record by means of eatthquakes, 
■ook pinf e on the western coast of South Araeiica, in 1823, The shock was 
felt ISOD miles ak>ng the coast : and fer mare than 100 miles the coast waa 
dei-atetl from 3 to 4 feet ; and it is conjectured diat an area of 100J)00 
BqUEire miles was thus raisoi up. This case, orjginnlly noticed by Mrs. Gra- 
ham, and sabsaiiueDtly hy Dr. Meyen and Mr, Prejer, has eicited a great 
deal of discussion among European geologists ; nor can 'A yet be regarded as 
absolutely settled ; for Mr. Gumming, an able naluraiist, wSo resideii at Val- 
paraiso at the time of the earthquake, (whose greatest power was exhibited 
there,) says that the spring tides rose to the same height upon a waJl neat 
his houae after the event as before. l/ijeU's Prin. Geol. Vol. 2. p. 3IS. 

Rem. I. In estimating the permanent effects of earthquakes, it ought to 
bo reoollocted tliat the changes of levd which they produce, often balance 
one another, after the lapse of a few months or years. 

Rem. 2. The number of earthquakes is probaMj about the same as that 
of volcanic erurtiins, viz. about 20 annually. 



Vertical move'mi'n.ts of Land without Earthqv^ki 
parts of ou 



to be pretty well established, that various 
; continents aie subject to vertical move- 
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340 SUBMARINE FORESTS. 

BOWits, either of elevation or depression, or of both, in alterua 
tion ; and that too in districts not known to be subject to th« 
action of earthquakes, or of volcanic agency in any form, 

Exara, I. The moat certain eiaoiple of elevation of an estensWe trad 
flf country in comparativoly recent times, is Ihat of the nortliern shores of 
the BalUc, inyestignted with great ability by Von Budi and Lyell. Soma 

Cof the coast appear to have Biporienced no vetlical movemenf. But 
Gothenburgh to Torneo, and from thence U> North Cape, a dis- 
lance of more than 1000 geographical miles, Iha country appears to han 
been raised op from 100 to SOOfijet abo™ tho sea. The breaSlh of the rer 
gion thus elevated is not Isnown, and the rate at which the land rises {ip 
Moia places towards 4 feel in a century) is different in iliffcrent places. Thi 
evidence tiat such a movement is taking place, is principally derived froa- 
the shells of tnollusca now living in the Baltic, being thund at the elevations 
above named ; and some of the barnacles attached to the rocks. They havt 
been diaeovered inland in one instance TO miles. LvdPs Prin. Geol. Vd. 
l.p.437. 

S. Several eramples are quoted in England of elevated sea beaches with 
the remains of shellE; such as now occur in the ocean. Also in Italy; at 
Uie Cape of Good Hope ; and in the West Indies, But I may he permitted 
to doubt whether some of these cases are not rather to be e^lplained by depo- 
sitions during the glacio-aqueons period ; since clay and sand of great thick- 
ness wer« then deposited. Yet Prof. Phillips says, that in most of the cases 
under consideration, the sea shells occur beneath the driA. If so, must it 
not he quite difficult to distingaish the formation from the most recent ter- 
ttaryt 3. On the margin of tiibec Bay in the slate of Maine, Dr. C. T. 
Jackson describes a deposit of recent shells, in clay and mud, with the re- 
mains of balani attached to the trap rock, 96 foet above (he present high 
watermark. First B^ioH an He Qedogy of Mai^, p. IS. 4. A remarkaMe 
case of snbsidenca seems pretty well established as naving occnrred on the 
coast of Greenland tor a distance of 600 miles north and south, LfljeWs 
i»rim. Oeol. Vol. 1. p. 430, 474. 5. The history of submarine forests fur- 
nishes another example of subsidence. But this phenomenon deserves a 
fuller description. 

Submarine Forests, 

Descr. On the shores of Great Britain, France, and the 
United States, usually a few feet beneath low water mark, there 
occur trees, stumps, and peat, seeming to be ancient swamps, 
which have subsided beneath the waters, sometimes to the 
depth of 10 feet. In many cases die stumps appear to stand in 
the spots where they originally grew ; yet it requires great care 
to ascertain this fact. For locidities, see J)e La, Beche's Manual, 
J). 151, LyelPs Prin. Geol: Vol. 2, p, 46. 80. Yol. 3. p. 31S, 
and Yol. 2. p. 140. Final Report on the Geolagp of Massachw 
setis, p. 30r. 

Origin of Siiimarine Forests. It is probable that this phe- 
nomenon results from several causes. I, When the barrier be- 
tween a peat swamp and the sea is broken through, so that Ihe 
water may he drained off, a subsidence of several feet may take 
place in the soft spongy matter of the swamp, sufficient to bring 
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it under water. 2. From a case which I have described on 
Hogg Island, in Casco Bay, Boston Journal of Natural His- 
tory. Vol. i. f. 338. I have inferred that some submarine 
forests may have Been produced by the gradual reraOTal of the 
contents of a peat swamp, by the retiring tide, after the barrier 
between it and the ocean lias been removed so as to form a 
slight slope into the sea. At the spot referred to, the process 
may be seen partly completed. 3. But probably most subma 
rine forests were produced by earthquakes, or other causes of 
subsidence, which we find to have operated on the earth's sur- 
face : and the esplanatioa of which will be better understood 
after the statement of more facts relating to igneous agency. 
TK&rmal Springs, 

Descr. Hot springs are very common in the vicinity of 
volcanos : such as the well known geysers in Iceland. Some 
of these are intermittent, probably in consequence of the agency 
of steam within subterranean cavities. The great geyser con- 
eists of a basin 56 by 46 feet in diameter ; at the bottom of 
Which is a wnll 10 feet in diameter and 78 feet deep. Usually 
the basin is filled with water in a state of ebullition : but occa- 
sionally an eruption takes place, by which the water is thrown 
wp from 100 to 200 feet, until it is all expelled from the well, 
and there follows a column of steam with amazing force and a 
deafening explosion, by which the eruption is terminated. 
These waters hold silica in solution; as do those of the Aiore 
Islands ; and extensive deposits are the result. The coating 
over of vegetables by this siliceous matter, has given rise to 
the common opinion that certain rivers and lakes possess the 
power of rapid petrifaction. 

Descr. Thermal springs are not confined to the vicinity of 
volcanos. They occur in every part of the globe ; and rise out 
of almost every kind of rock. They frequently contain enough 
of mineral substances t'l constitute them mineral waters. But 
one of their most striking properties is the evolution of gas ; 
such as carbocic acid, nitrogen, oxygen, sulphureted hydrogen, 
fee. in a free state. 

Theory of T^ental Springs. When these spring occur in 
volcanic districts, their origin is very obvious. The water 
which percolates into the crevices of the strata, becomes heated 
by the volcanic furnace below, and impregnated with salts and 
gases by the sublimation of matter from the same focus. Dr. 
Daubeay, who has devoted great attention to this subject, has 
also endeavored to show that the thermal springs not in vol- 
eanic districts, in a large majority of cases rise either from tha 
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348 EXTINCT VOLCAKOS. 

vicinity of some uplifted chain of mountains, or from clefts and 
fissuras caused by the disruption of tbe strata ; and therefore, 
in all such cases are probaUy the sesult of deep seated volcanie 
agency, which may nave been long in a quiescent state. If 
t£a view of the subject be not absolutely ptoved, it is at least 
extremely probable. Report on Mineral mid Tkerma,l Waters, 
hf Prof. Danbeny, 1 836, f. 62, 

Extinct Vohanos. 

DesaT. Many writeta maintain that there ia a marked dif 
fereuce between the matters ejected from active and extinct vol- 
canoa. It is said that the more modern lavas have a harsher 
feel, are more cellular, and more vitreous in their appearance, 
and also less felapathic than the ancient. Girardut's ConstHeror 
tions sur les VohoMs, p. 13. De La. Beche's Mmual p 126 
But it is doubtful whether any character will sttisfactorily dis 
tinguish them, except the period of their eruption 

Descr. The extinct volcanos are of verj different ae;es 
Some of them were active during the tertiary p^iiod some dm 
ing the drift period ; and some since that time. The lava, 
especially in the most ancient, was not always ejected from 
ical elevations, so as to form r&gular craters, but along ex- 
tne instances, as in a mountain called the 
ergne, which stands in an ancient crater, 
s 2000 feet above an elevated granitic plain, itself abouS 
:40uu leet above the sea, there is a mixture of trachyte and un- 
altered granite. 

Exam, I. The extinct votcanoB of AU'ergne, and the soBlh of Fmnoe, 
have lonn eieited Jeep interest ; and hiivo been folly illustrateil by Scrope, 
BakewelT, and others. Near Clermont, the landscape has as decidedly a 
Toloanio aapeet as in any part of the world ; of which Pig, 116 will convoj 

Fig, 116, 



2 Eznnct volcanos exist also m Spam n Portugal in Tec any lone 
the Rhine, in Hnngaij, Styria, Transylvania, Asia Minor, Syn.L, and Paf 
estine. To (he cast of Smyrna in Asia Minor, is a^ region calltd the Bwat 
Disirict, (Eatakekauniena of the Greaia,) because it shows such sttiting 
murks of extinct volcanos. In the valley of the Jordan, especially around 
lake Tilieriafi, extending as &i northwest as Sated, volcanic took* abound^ 
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Kith Worm spiinga umi occasional carthquakcB. HoHiiten's and Smitk' 
BtbUcid BeaeaircAes m PaiesUtte, 1^. Vol. 3. p. SlS. 

DcxT. That llie region occupied hy the Dead Sea has been some time o: 
other the seat of volcaiiic aclion, can hardly be doubted. For a lake si 
ehargeJ with saline matter as tais, and producing bitumen, Mid having more 
over difls of rock salt upon its margin, with sulphur occKsioiially, Mui being 
probably depreBsed more than 500 fiet below the level of the MeditBrran — 
muat be referred to such an agency. Eobinsim aiid SmWi, Vd. 2. p. 
And it haa been uaueJ to suppose that the Sve ancient cities, Sodom, Go- 
moMah, Adniah; Zeboim, and Zoar, which undoubtedly occupied what la 
now the southern part of the Dead Sea, were destroyed by a volcanic erap 
tion. There is a passage in the Book of Job, (Chap. ^, v. 15 to 30.) which, 
if it refer to that catastrophe, lends much probability Co this suppositiDn. Dr. 
Hesdersoa thas translates the passage. 

" Hast thou observed the ancient tract 
That was trodden by wicked mortab, 
Who were arrested on a sudden ; 
Whose ftiundation is a molten fiood % 
Who said to Glod, depart from BS, 
What can Shaddai do tons! 
Thoush he had Elled their houses with wealth. 
(Fat tmm me be the counsel of the wicked !) 
, The righteous beheld and rejoiced, 
The .innocent laogheil them to 



Hem. h may still be doabted whethet an erupaon haa talten place in the 
•idnity of the Dead Sea so recently aa the lime of the overtlirow of the 
cities of the plain. Indeed, my own convictions are, after reading the ai>- 
cniiiFts irivea tis by modern travellers and misstonaiies, especially % Robin- 
it&, thtit this region is to be ranked among the extinc^ and not 



among the active vdcanos. Dr. Robineon states that the rooks which con. 
stitute the mountains around the Dead Sea, are limestone, and says that "he 
is not aware that the dark basaltic stones so frequent around the lake of Ti- 
berias have even been discovered in its vicinity, except a large specimen of 
aagitic vesicular lava, found by Rev. Mr. Hebard, near the mouth of the 
Joftan. Researcltes, 4^ ^oi- 3- P- 231. I possess, however, a spedmen of 
^ork porous lava, presented to me by the Rev. Mr. Homes with this label; 
" &om a mound once surrounded by water on the shor^ of 4he Dead Sea." 
I understood from that gentleman, who, himself, pidied up the specimen, 
that the niound, or hummock, was composed of the same. It is imposdble, 
however, to deterroine from the appearance of a single specimen, whether it 
is the product of ap active or an extinct volcano, or whether it may not 
hblona to astill earlier period. It does prove, however, that igneous rocks 
bave been protruded near the Dead Sea at & comparatively recent epoch. 
Tiio spedmen found hy Mr. Hebard, of which I possess also a fragment, is 
more deddedly vesicalar than I have -ever seen any greenstone or basalt. 

IkssT; "Fro&Esors Midiadis ^id Busching suggest, that Sodom and 
OomoiTah were built upon a mine of bitumen, Chatlightning kindled the 
combustible mass, and that the cities sunk in the subterranean cooflagrar- 
-tion." Encyc. ReUg. Kmnokdge, Aj'L Dead Sea. Messrs. Robinson and 
Smith have recently su^estea this hypothesis anew, and more fully illus- 
trated it, by reference to the ralch lake of Trinidad, and the remarkable pro- 
trusion of an nnmelted basaltic dyke in 1S30, in the island of fionda. Am^ 
Sib. flepw, JoM. t340, p. 34, also BiUical Rexarches in PtiksHne, 4-c. Vd, 
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350 HOW desthoybd. 

9. p. 669. &e (Xjeclions to Ms hypolltesis hy Dr. Lee. Am. Mi. flepea 
AiH-iL 1840, p. 3S4. Tlie principal liiffioulties in the way of this hypotliBBil 
Bxe, urst, to see how the bitamen, buried benenth a considerable tliickaess of 
soil, could Imve burnt mpullj enougli Buddenly to dcstioy (he cities and 
their inhabitciits ; and secondly, to conceive of ft bed of bitumen bo thick, 
as by ila eombuslion to sink the surface from the present high water mark 
to the botlom of the sea. Dr. Robinson desciibes the bigh water marlc 
as seen by him ''a great distance," south of the margin of the Sea ot that 
time. 1™ surface, therefore, must have suffered a great depression. 
Would it not somewhat reheve these difficnllies to suppose volcanic action 
combined with the combustion of the bitumen. "No geologist will doubt the 

TT t ss fV B h p Ih t f It t t ? th Red S a 

th h th II y f Arab h and th J d to m t Leb d 

ai g th t fi WW mig! t pect ( ig y t b E t t 

m gl t h p d d y t k g ff t tl t th jee f 1 

ka thq ak m tunes th I t k d w m y feet d 

llmh leeae t th hthfi whhtly prod ce 

Tl m ht th limepis(\te Uy Us f pludt m) h b t n 

fir sc I m f m k and fl g p ra h been 

setthb jpehpt (1 mark bl dg 1 ock It 11 d usd m, 
have been protruded, and finnlly, by the sabaidence of the surface after (he 
destruction of the cities, might the waters of the lake have flowed over the 
Epot. In a similar manner was the city of Euphemia, in Calabria, (destroyed 
io IfiSS. " After some time," says Kircher, who was near the spot, " the 
violent parosyain (of the oarthquake) ceasing, 1 stood up, and turning my 
eyes (o look for Euphemia, saw only a frightfal black cloud. We wait^ 
till it had passed away, when nothing but a dismal and putrid lake was to 
be seen, where once Che city stood." Dr. Robinson has, indeed, made it 
almost certain that the Dead Sea existed before the catastrophe of Sodom, 
and that the Joi'dan, before that period did not flow through El Gbor and 
Arabah into the Red Sea but a s nk g down of the sur&ce a few feet 
at that time, is not incons stent w th these facts. But I will not enlarge 
further on a subject so d fiicult Nor al ould I have said so much, had I 
not read the very accurate descr pt ons of that country by Messrs. Eobin- 
■OQ and Smith, 

Deic. According to Prof Pirrol Mount Ararat in Asia, is an extinct 
volcano. A specimen sent n e by Rev Justin Perkins from that moun- 
tain is deddedly vesicular liia 

Desa: A large j>roportion of the lofty peaks of the Andes and the moun- 
tains of Mexico belong to tbe class of extinct volcanos: and it is very 
probable, from Che statements of Rev, Mr. Parker and others, that a vast 
region between the Rocky Mountains and the Pacific Ocean is of tbe aama 
character. For although he describes the prevailing rock as basalt, and 
only incidentally alludes (o volcanic cones and craters, yet in personal con- 
vetsaUon he assures me that regular craters are not unftequent; and hav- 
ing shown him Bpecimens of trachytes from the continent of Europe, ha 
at once identil5ed them with mcks found aasociated with the baadt of 
that region. 

Descr. The siae of ancient volcanic cones and orateia was 
often very large. 

J^ram. In the middle and southern parts of Prance, extinct voicano« 
several thousand square miles. Between Naples and Cumea, in the 
of 300 square miles, according to Brieslak, are 60 craters ; some of 

larger than VeEuvius, The city of Cumea haa stood three thousand 

years in a ciater of one of these volcunos. Vesuvius stands in tile midst 



z 
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Df t. vast crater, nhosa remsins are s^ vieible, called Somnn. The vol< 
canic peak of Teneriffa etands in llie centre of a plain, covering 108 squara 
miles, which is sHrrounded by perpendicular precipices and mountains, 
wbicb were probsbl; the border of tbe ancient crater. According Co Hum- 
biildt, oli ths mountainous puts of Uuito, embracing an arcii of ^00 square 
miles, may be considered ta an ininietiae volcano, which now gets Tent 
sometimes through one, and sometimes through another ot its elevated 
peaks } hut which must have been more active in liirmer dines, to have 
produced the results now witnessed. We have aaan that the great volcano 
of Kirauea, on the Sandwich Islands, is surrounded bj two circular walls, 
one 15 toiJ the other 30 miles in circumference ; which must have marlicd 
the.limKs of the crater in ooily ^es. Two other ancient craters exist in 
the island of Maui, ona 24 and the other 27 miles in circuU. Couikoy on 
Coral Pariaaiions, p. 9 

Inf. From euoh facts it has bean inferred by many geolo- 
gists, {ex. gr. Poulett Serope, Bakewell, Phillips, Brongiliart, 
Girardin, &c.) that volcanic agency in early times was mora 
pDwecful than at present ; and that it is gradually diminishisg. 
Mr Lyell however eondders this view as entirely erroneous; 
and ij lotes the eruption from fekaptar Jokul, in 1 783, as equal- 
ling any that is known to have occurred in ancient times. 
L U P n &e I ^ol ^ p 204 

Tit Oldei XJnst ai fied Rocks. 

B S rap d has been the change of opinion respecting the origin of 

the unstratifled rook" that f om in dmost universal belief in their doposi- 
t on from vater geolog sts are now nearly or quite nnanimnus in ascrib- 
ing them to igneous agency A hr ef 'ummary of the arguments that aus- 
tan ths latter opin on viilt be therefore all that is now necessary to 

P m The different unstiatifi d rooks appear to be the re- 
sult of voloanii. agency exerted at different periods under dif- 
feie it circumstances 

Proof 1. Id&nUiy of hthologieal charaeUrs between recent 
lavas and several varieties of v,nstratifi$d rocks. The amygda- 
loids of the trap rocks often exactly resemble those vesicular 
lavas which are cooled in the open air : while the compact trap 
rocks can scarcely be distinguished from the compact lavas of 
submarine production. Some varieties of trachyte very much 
resemble granite^ and the two rocks often pass insensibly into 
each other : so that it is difficult to say whether trachyte be 
melted granite, or a portion of the materials out of which grauit» 
was originally produced, cooled in a different manner. 

Proof 2. The insensible gradation of the difermt unstrati 
fied rocks into oae another. In the same continuous mass we 
find a gradual passage from trap into alt the other unstratiiied 
rooks ; so that the same general cause that produced one variety, 
must have produced the whole. It is very rare, however, that 
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coarse granite, destitute of hornblende, graduates into trap rocks 
of the same ige In general, they appear to have been formed 
at d if p h MaccullocKs SyiUiii of Geology, Vol. 1. 



if m I u n be Inlerrtd from this statement, tliat alt the anatra^ 
£ecl k h (SU A from Che same imelleii mam, cooled under difler- 
ent ir om ta es the difference in their chemioa! camposition is loo 

great dm of o h concluaion. See Section i. p. 'id. 

P / 3 The mode of occurren-ce of the unstratified in rela- 
tion to the stratified rocks. We have seen, (section IV.) that 
the former exist as piotrading, intruding, and overlying masses, 
and occupying veins in the latter. Now these are the precise 
modes in which recent lava occurs when connected With strati- 
fied loclcs : whereas no example can be produced in which rocks 
have been made to take these forms by aqueous agency. In- 
e how this would be possible. 



deed, it ia ditficult to conceive how this would be possible, 

Proof 4, The columnar structure of the trap rocks. This 
itructure is not uncommon in lavas. The experiments of Mr. 
Watt also, upon 700 pounds of melted basalt, which on cooling 
assumed the columnar form, as detailed in section IV, confirms 
this view : whereas no example of such a structure from aqueous 
agency has ever been found. 

Proof 5. The crystalline structure of some of the unstrati- 
fied rocks. When several substances are contained in an 
aqueous menstruum, it is difficult to make them crystallize ex- 
cept in succession ; whereas in granite the different ineredients 
appear to have crystallized simultaneously- And if the mate- 
rials of granite, or of glass, be melted and slowly cooled, espe- 
cially under pressure, most if not all the ingredients will assume 
more or less of a crystalline form at the same time. 

Proof 6. The mechanical effects froiuced hy the unstrati- 
fied ji/pon the stratified rocks. In the vicinity oi veins and irre- 
gular masses of the unstratified rocks, the stratified ones are 
bent and twisted in every conceivable manner, and sometimes 
broken entirely. Not nnfrequently also, fraraients of the strati- 
fied rocks are broken off and entirely imbedded in the veins of 
the unstratified. In almost every case an upward or a lateral 
force appears to have been eserted ; showing that the veins 
were filled from beneath. For examples, Sec MaecuUoc/i's 
Geology of Glen l^lt in the geological transactions. Also his 
Geology of the Western hlamds. Also Firtal Report on thi 
Geology of Mass. pp. 414, 416, 418, 464, ^c. Fig. 117, shows 
8 vein of greenstone, or indurated wacke, passing through a 
ledge of sandstone near New Haven, on the road to Middlo. 
town, the sandstone being bent iip wards. 
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OLDER ONSTRATIFIED 
Fig. 117. 




JP oof 7 The chev ccd effects } rodu e / upo he st atfied 
ocks b the contact of he u si aified Ties eftect are pre 
oiselj tie ame 9 ttose prodtt ed by d}kaH of recen la a 
Tl us CO Tipaot foss I feroiis bmeatone and chall here dykea 
of trap rodcs porphj ry and grinite pass thro gl them are 
changed nto crystalline hmesto e shale and sand tone are i 
i rated and converted into s 1 ceous tlate or j spar as at 
Nahai- Mass Newport Rhod I Und and Rooky H 11 near 
Hartford Ct imeaceoua sands one and o he laty rocLi are 
cianged i to m ca alats o hornblende la e No y tl es are 
effects that co Id not result f on anj o her agen y tl wh cl 
we are acquainted escept heat. And in respect to chalk, an ex- 
periment of Sir James Hall is decisive. He confined some of 
it in a strong iron tube, and subjected it to a strong heat ; which, 
liberating the carbonic acid, produced a powerful pressure, 
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suit 



I crystallized carbonate of lin 
] 



BakewelVs 
tample of a 



Geology, p. 146. 

Obj. The older u 
volcanic cone or crate 

Ans. 1. They app g 1 t 

a force acting along t d d fi. 
ticular foci. 2. If th I 

powerful denuding as; th t 1 

may have destroyed th m 

Prin. I'he greate d g f > t 
stratified roeks, may b pi d by , ^ ^, 
fusion of the materials than in recent lavfw, and greater sli 
ness in cooling, iinder perhaps the more powerful pressure of a 
ileep ocean. 

Temperature of the Globe. 

P-rin. The principal circumstances that determine the tem. 
perature of the globe and its atmosphere, are the following i 1 
22 



been produced by 
t directed to pai'- 
nce existed, the 
ted on the globe 
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influence of the sun.. 9. Nature of the surface. 8. Heighi 
above the ocean, 4, Temperature of the celegtial spaces around 
the earth. 5. Temperature of the interior of the earth, inde- 
pendent of external agencies. 

1. Solar heat. The solar rays exert no influence as a general 
fact, at a greater depth than about lOU feet. (Baron Fourier 
mentions 130 feet as the maximum depth: Poisson fixes it at 
76 feet. Am. JouT. Science, Vol. 32. p. 5, and Vol. 34. p. 59.) 
A thermometer placed at that depth, remains stationary all the 
year. The diurnal effect does not extend more than 3 or 4 
feet In receding from the tropics, the amount of solar heat 
diminishes. During six months it continues to increase, and to 
diminish the remaining six months. The decrease of the mean 
temperature from the equator towards the poles, is nearly in 
the proportion of the cosines of latitude. Prof Forbes has re- 
cently made some observations near Edinburgh, from which it 
appears that the oscillations of annual temperature would cease 
at the depth of 49 feet in trap tufa, 62 feet in incoherent sand, 
and9i feet in compact sandstone. Amefican Journal of Science, 
Vol. 38. J-. 109. 

flew. Solar heat is the lum^arnentfil elemenl on which ilepenils the snt- 
ftCB temperature of tiic globo and the character of the cjimale. 

Prin. The amount of solar heat is actually though very 
ulightly diminishing in consequence of a change in tlie eccen- 
tricity of the earth's orbit. The possible amount of this diminu- 
tion IS not known, because the limits of the eccentricity of that 
orbit are not known. But there is no probability that the an- 
nual temperature ever has changed or ever will change from 
this cause, more than 3" or 4°. Aw. Joiii: Sci Vol. 36. p. 332. 
Hence this cause is insufficient to account for the extra-tropical 
teat of the present cold regions of the earth in early times. 

2. Natwre of the surface. The radiating and absorbing 
power of land is quite different from that of water. Ice and 
snow are still more different ; and the nature of the soil affects 
sensibly its power to imbibe or give offbeat. Hence low islands 
have a higher temperature than larger continents in the same 
latitude; and the ocean possesses a greater uniformity of climate 
than the land. 

Revi. On thee B &cts Mr. LyeU has ibundec! an hypothesis for eiiplain. 
ing the high temperature of the surface of the glolie in northern Inlitudet 
in early (lines. He supposes that hut little land then existeil in the north- 
ern parts of the glohe, and that this produced so great an elevation of tern, 
peralure, above what it is at present, that tropical plants and animals 
might then have inhabited regions now subjected to almost perpetnal -winte'. 
That tho quantity of dry land in the norlherE hsmispheie uoring the Ha- 
poration of Uie older fiiaraliferouB locks was much less than at present, is 
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very probable; and that this wunli] render the climate warmei' and mors 
i.Lniform ia made certaLn by compacing the climate of Great Britain with 
thELl of the United Stales. But thEit from this cause the climate of Canada, 
nf the North West Coast of America, between 6(P and 70° of North Lati- 
tude, and even of Qreei}1and and Melville Island, where the thermom- 
eter now descends lo 58° below zero, was so mild and uniform as to pro- 
duce tropical ferns, lepido<ieDdr!i, &e. is a position which will need strong 
proof; especiailj' when we recollect that for aeveiEd months annually they 
must have been most of the time in darkness. Those, however, who wish 
lo see this hypothesfe ably defended, may consult Lijdl's F^in. Gcol. Vol. 1. 
p. ICO, 4^. 

3. Height above the ocean. The femperature of the air di- 
minislies one degree (Fahr.) for ' 300 feet of altitude : two de- 
grees for 595 feet; three degrees for 8T2 feet: four degrees 
for 1124 feet: five degrees For 1347 feet: and six degrees 
for HSy feet. Hence at the equator perpetual frost exists at 
the height of 15.000 feet, diminialilng to 13.000 feet at either 
tropic Between latitudes 40° and 59°, it varies from 9000 to 
4000 feet In almost every part of the frigid zone this line de- 
scends to the surface. These results, however, are greatly 
modified by several oircnmstanoes : so that in fact, the Tine of 
perpetual congelation is not a regular curve, but rather an irre- 
gular line descending and ascending. American Journal of 
Seience, Vol 33. p. 52. Introduction a la, Geographie Matka- 
■matique et Physique, par S. F. hacroix, f. 289. 

4. Terrvperatiiire of the celestial spaces around the earth. — 
This cannot be much less than the temperature around the 
poles of the earth ; where the solar heat has scarcely no in- 
fluence. Now the lowest temperature hitherto observed on the 
globe, (at Melville Island,) is 58° below zero : and this has hse,n 
Bssnmed as the temperature of the planetary spaces. Hence it 
follows that there must be a constaftt radiation of heat from the 
earth into space. 

5. Temperature of the interior of the Earth, Independent 
of External Agencies. 

Prin. In descending into the earth, beneath the point where 
it is affected by the solar heat, we find that the temperature 
regularly and rapidly increases. 

Proof 1. The temperature of springs which issue from the 
rocks in mines, as shown in the following table. 
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Proof 2. TemperoAur 
the following table. 
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In a cullicry at Wigan, in Lancashire, Englani], at 150 feet ileep, tlie 
temperature waa constantly 53° : nt 450 feet, it was 56°75 ; at 750 feet It 
was 63". This would siTe an iiioreaae of one degree for every 4S feet. 
Am. Jam: of Sdsacs, Vol. 34. p. 36. 

A aingie BSpetiment in the deepest coal mine in Great Britain, near Sun- 
derland, gaTe the following resnits : depth of the place of observation, 1584 
feet: below the level of the s«a, 1500 feet. Mean annual tempBrature at 
the surSice, 47°S : temperature on the day of observation, (Nov. 16, 1834.) 
49°: do. of the ear at the bottom of the pit, 64° : close to the coal, 68° : do. 
of water collected at botWim, 67°; tlo. of salt water issoing from a hole 
made the Bams day, 70°! ; do. of gas rising through the water, 73°6 , do. 
of the front .of tlie coal, 68°: do. of the same, left in a bore hole for a week, 
1l°i. Hence the heat increases at the rate of about a degree for every 60 feet. 

Proof 3. Temperafura of Artesian Wells, as shown in the 
following table. 
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South HaJley, Mass. 


180 


46,7 
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Rm,. 1. Wear Vienna, in Austria, are from 40 to 50 AileEian Wells, 
whose temperature raries from E^ to 68°; the mean temperature at ths 
■ BurEice being 50°54. At Heilbronn in Wurtemburg, five wells sunk from 
60 to 113 feet, ha»e a temperatnrS of K°. 

Rem. 2. Artesiaji wpIIb have lately been ajiplied v^ith success in Wur- 
temburg, to prevent frost from stoppiag machinery, which was moveil by 
running water; and also for warming a paper manufactory. Who knows 
bat this application may prove of immeuEe benefit to some regions of the 
globe! micklaad's Bndgemaier TYeitUse, Vol. l.p. 567. 

Proof 4. Thermal springs. Vaat numbors of these occtsr 
in regions far removed from, any modern volcanic action ; gone- 
tally upon lofty moitntain ranges ; as upon the Alps, the Fjk- 
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nees, Caucasus, the Ozark mountains in this couiitry, where ara 
nearly 70, &c. Their temperature varies from about summer 
heat nearly up to that of boiling water. Nor can their origin 
be explained without supposing a deep seated source of heat in 
the earth. This argument is not indeed, as direct and conclu- 
sive as those previously mentioned, hut it confirms the others. 
Proof 5. The existence of nmnerow deep seated volcanos. 
This argument is of the same Itind as the last, and does not 
need any farther illustration here. 

Proof 6. Not one exception to this increase of internal iem- 
feratwre has ever occurred, where the experiment has been made 
in deep excavations. 

Inf. I . The increase of temperature from the surface of the 
earth downwards, does not appear to be at the same rate in all 
countries. The mean of all the observations recorded in the 
preceding tables, which have been made in England, gives 44 
feet for a change of one degree. In some mines in France, the 
increase is much slower, and in a few it is faster. The mean is 
reckoned at about 45 feet for each degree. In Mexico, accord- 
ing to the only observation given above, it is 45.8 feet. In 
Saxony it is considerably greater, not far from 65 feet to a de- 
gree. The few observations in this country given in the pre- 
ceding table, indicates an increase of 54 feet to a degree. 

Inf. 2. The average increase for all the countries where ob- 
servations have been made, is stated by Kupffer, to be 35.81 
feet for each degree. Edinburgh Journal of Science, April, 
1832. 

Inf. 3. At this rate, and assuming the temperature of the 
surface to be 50°, a heat sufficient to boil water would be reach- 
ed at the depth of 5963 feet, or a little more than a mile : a 
heat of 7000°, sufficient to melt all known rocks, woiild be 
reached at 48 miles ; and at the centre of the earth, it would 
amount to 577.000°. Cordier's Essay on tjie Temperature of 
the Inferior of the Earth. Amherst, 1828, p. 73. Moffath 
Scientific Class Book, hy Prof. Johnson, Philadelphia, 1836, 
Yol^p.Zli. 

Rem. It has been thought by many, and probably with rea- 
son, that the rate of increase in the subterranean heat, as de- 
duced by Kupffer, is too rapid. From careful observation 
upon the Artesian Wells of Scotland, Dr. Patterson finds the 
mean increase to be one degree for every 47 feet : and from a 
more extended comparison given in Jameson's Journal, (April 
to July, 1839,) the mean increase is one degree for 65 feet: pec 
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haps tho rate of 45 feet to a degree, fixed upon by the British 
Association, ought to be considered the best hitherto obtained. 
Inj. 4. From the preceding facts, and other collateral eti- 
deuce, it has been inferred that all the interior of the earth, ex- 
cept & crust from 50 to 100 miles thick, is at present in a stiite 
of fusion : that oiiginallj' the whole globe was melted, and that 
its present crust has been formed by the cooUng of the surface 
by radiation. 

lihts. Pig, 118 ia intcnJed to represent the proportion of melted and 
unnelled matter in the earth, agreeably to the above inference; and on 
the supposiUon that the solid crust is 100 miles thick. This is shown by 
the broad line that ibrms the circumference. According to the mean in- 
crease of subterranean heat stated above, this crusC siiomd be only half m 
thick. 

Fig. U8. 




Proof 1. Until some fact can be adduced showing that tlw 
heat of the earth ceases to increase beyond a ee^rtain depth, 
notiing but hypothesis can be adduced to prove that i* does not 
go on increasing, until at least the rocks are al! melted : for 
when they are brought into a fluid state, it ia not difficult to see 
How the temperature may become more equalized through tha 
mass, in consequence of the motion of the fluid matter; so that 
the temperature of the whole may not be greatly above that of 
fused rock. Now if the hypothesis of internal fluidity have 
other arguments (which follow below) in its favor, while no facts 
of importance sustain its opposite, the former should be adopted 
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Proof 2. It appears from tlie experiments and profound 
imatlieniatica! reasoning of Baron Fourier, tliat even admitting 
all the internal parts of the earth to be in a fused state, except 
a crust of 30 or 40 miles in thickness, the effect of that internal 
Jneat might be insensible at the surface, on account of the ex- 
treme slowness with which heat passes through the oxidized 
crust. He has shown that the excess of temperature at the sur- 
face of the earth, in consequence of this internal heat, is not 
naote than l-17th of a degree, (Fahr.) noc can it ever be re- 
duced more than that amount by this cause. This amount of 
Ir.eat wonid not melt a coat of ice 10 feet tJiiek, in less than 100 
years: or about one inch per annum. The temperature of the 
Burfaca has not diminished on this account, during the last 2000 
years, more than the !67th part of a degree ; and it would take 
200,000 years for the present rate of increase in the temperature 
as we descend into the earth, to increase the temperature at the 
surface one degree : that is, supposing the internal heat to be 
500 times greater than that of boiling water. From all which 
it follows, that if internal heat exist, it has long since ceased to 
have any effect practically upon the climate of the globe. An- 
nals de Chimie et de Physique, Ne. 27. AmericaTi Journal of 
Science, Vol. 32. p. I. PUlli^is Treatise on Geology^ Vol. 2. 
f. 275. 

Ren. These resnlta of Foumet Tegvure tlie application of very jirofouiia 
mathematical iiiTestigations, And it maj not be amies to mention that 
the late lamented Dr. Eowditch informed me, that ha had followed Fou- 
lier trough nil his intricate analyses of this subject ; and ttiat the reason- 
ing wae entire!; conclusive: nor did he consider his results at all invali* 
dated by the papers of Prof Parrot, which he had also read. Those of 
M. Poisaon, in opposition lo Fourier, haTS appeared since Dr. Bowdilch's 

Proof 3. The existence of 300 active volcanos, and inany ex- 
tinct ones, whose origin is deep seated, and which are connected 
over extemive areas. If these were confined to one part of the 
globe, or if after one eruption the volcano were to remain for- 
ever quiet, we might regard the cause as local and the effect of 
particular chemical changes at those places, aided perhaps by 
electro magnetic agencies. But if the internal parts of the earth 
are in a melted state, that is, in the state of lava ; and if this 
mass be slowly cooling, occasional eruptions of the matter ought 
to be expected to take place by existing volcanos. Assuming 
the thickness of the earth's crust to be 60 miles, the contraction 
of this envelope one 13.000th of an inch, would force out matter 
enough to form one of the greatest volcanic eruptions on record. 
More probably, however, the percolations of water to the heated 
nucleus, or other cause of disturbance, more frequently produces 
BB eruption than simple contraction. 
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Oth&r Hypotheses of Volaanic Action. 

Hypothesis of the metalloids. This hypothesis, originally 
proposed, thougli subsequently abandoned, by Sir Humphrey 
DaTy, supposes the internal parts of the earth, whether hot or 
eold, fluid or solid, to be composed in part of the metallic bases 
of the alkalies and earths, which combine energetically with 
oxygen ivhenevei they are brought into contact with watei", 
with the evolution ol light and heat. To these metalloids water 
occasionally percolates in large quantities through Essures in 
the strata, and its sudden decomposition produces an eruption. 
Dr. Daubeny, the most strenuous advocate of this theory at the 
present time, has brought forward a great number of considera- 
tions which render it quite probable that this cause may often 
1 J : L„j„ ■ ' 1 ;_ ^1 ;e J„ 



not admit that it is the sole cause. Dwabeny on Yolcanos. 

Rem. I. It is interesdng to notice how the hypothesis of central heat 
or the Mechanical Theory of Cordier, as it ia often calleii, Bud this 
Cliemiofll Theory of Daubeny, applv nlmost equally well to the explana- 
tion of volcanic phenoniena. Both agree bb to the necessity of water 
bane brought in contact with a heatei! tnasn in the earth. Both explain 
equally ^eil the formation of vapof, the extrieadon of gases, and the svib- 
liioaUon of sulphur, salts, &o. Both show why voleanoa are ueualiy in 
the vicini^ of water ; " why their action is intermittent, anil why the vol- 
canic power a^oars to have decreased in energy. The constantly active 
volcanos, especially such an one as Kirauea, are more difficult to explain 
in the chemical theory. It must also be consiilered a strong obfection to 
this hypothesis, that silicum, the most abundant of all the metalloids in the 
earth, "is incombustible in air and in oxygen gaa; and may ba exposed to 
the name of the blowpape without fusing, or nndereoing any other change." 
T'tifiefi Chemiilri/, p. 393, and that ainminium, (be most abundant metal 
in the earth next to sUtcum, "is not oxidizetl by water at common tem- 
peratures: [hough on heating the water to near its bailing point, oxidation 
of the metal commences : — flie osiilation, however, is very slight." Tw- 
iier, p. 316. 

_Rem. 3. There is not necessarily any discrepancy between these two 
theories : for admitting even igneous fluidity in the earth, the nacleus may 
neverthelesB be metals uncombined. Hence some distinguisbei) advocates 
for the doctrine of central heat, have also aJqiteil partially or wholly (ho 
other theory. Ex, gf. De la Becie, in Ml TicoreHcal Geoiogy ; omd Pre^ 
fet^r P/ai&ps, Mt Ms Trcaiiss an Geolagy m the EnericlDpisMa Bniianiai. 

Modified Chemical Theory. Soiae geologists haye called in 
the aid of electricity to assist in the decompositions and recom- 
positions that result from volcanic agency. By this means the 
temperature of the uncombined metals is raised, so as to cause 
them to become more readily oxidized. This is the view ad- 
vanced by Mr. Lyeli. Principles of Geology, Vol. 2. p. 449. 
This hypothesis includes of course, as one of its elements, the 
earlier hypothesis of Lemery and others, who imputed volcanic 
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ptenomena to the combustion of coal, bitumen, &c, and tLe de- 
eomposition of the Bulphate of the metals. For an accov,nt of 
wumeroas .modifications of opinion respecting the came of vol- 
canic agency, see Girardin Sur les Volcans, p. 84. 

Proof 4. The Spheroidal Figure of the Earth. Its form is 
precisely that which it would assume, if while in a fluid state, 
It began to revolve on its axis with its present velocity ; and 
hence the probability is strong that this was the origin of its 
oblateness. But if originally fluid, it must have been igneous 
fluidity; for since the solid matter of the globe is at present 
50.000 times heavier than the water, the idea of aqueous fluidity 
is entirely out of the question. 

Othsr suppositions. 1. Some iDBintaiii that the earth was created in its 
present obifiteforni. This is indeed possible; because Qod could have given 
Jt any larm he pleased. But there is no proof thai such was the fact : while 
on the other hand, we may alwajs assume thai- whenever we con see natural 
causm G>r natnia! phenomena, they were produced hy (hose canses : unless 

" ason for special Divine interierence. 3. Sir John Hei- 

' . ~ .. ~ .. . githepui. 

He supposes the earth to have 

, ,. ...;r of course would 

rush towards the equator, leaving the polar regions dry, and very mnoh ele- 
vated. But as this great equatorial ocean noro down its shores, the land 
would gradually he carried towards \he equator, and spread over the bottom 
of the sea, and ulUmatoly be eluvated so as to form the preaont continonta. 
It is hardly necessity to say, that the present distribution of land and water, 
and the form of conUnenta, do not accord with such a mode of formation : 
and so improbable is the idea that two vast continents, around tbe pol«S, 
with a. height of nearly 13 miles, have been thus worn down and carried 
thousaqds of miles towards tbe eqnator, that though theoretically possible, it 
must be r^arded as practically iropoasibla. Ftof. PhilliysS TisaUss on 
Geolof^, p. 8. 

Proof 5. The tropical and ultra tropical cJiaracter of or- 
ganic remains found in high latitudes. If the globe has passed 
through the process of remgeration, as the hypothesis of origi- 
nal igneous fluidity implies, there must have been a time, be- 
fore reaching its present statical condition, when the surface had 
the high temj d n d b h se remains; and that period 

must nave b n y m no essential change of tem- 

perature fr m n I I aken place for thousands of 

years Aim 1 h fly dependent on subterranean 

agency, would b f m r the whole globe, than one 

dependent 1 fl d such appears to hf "" '" " 

the cliroat f h n g Hi 

impute th 
probable c 
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Other Suppositions. 1. It has already been stated, tKat Mr 
Lyell haa proposed an hypothegis, dependent upon the relative 
height of land in high latitudes at different periods, to explain 
the tropical character of organic remains, without the aid of 
secular refrigeration. But that hypothesis has heen already 
sufficiently explained. 2. Another hypothesis has heen ad- 
vanced with much confidence by certain writers, not however 
practical geologists, to the same eifect. It supposes these or- 
ganic remains to have been drifted after death from the torrid 
Kone. But their great distance in general from the torrid zone, 
the perfect preservation, in many cases, of their most delicate 
parts, with other evidences of quiet inhumation near the spot 
where they Hved, such as the preservation in several cases of 
the softer parts of the animals, reiider such a supposition wholly 
untenable. 

Proof &. The fact t/tat nearly all the crust of the globe has 
been in a melted state. As to the unstratified rocks, there will 
scarcely be a dissenting voice among geologists, to the opinion 
that they are of igneous origin, and have been melted. As to 
the detrita], or fossiliferous rocks, also, it will be admitted by 
all, that they were originally made up of fragments derived 
from the primary stratified or unstratified rocks ; and that con- 
seqaently. so far as derived from the latter, they have heen 
melted. And in regard to the primary stratified rocks, also, 
although there are two different theories as to the mode in which 
they have been produced, yet both admit either of the entire 
fusion of these rocks, or of their having been so highly heated 
as to be able to assume a crystalline arrangement. Hence if 
the entire crust of the globe has heen fused, it is a fair pre 
sumption that it wbs the result of the fusion of the whole globe 

Proof 7. This theory farnishis us with the only hnown adt 
qjiOtte caTise for the elevation of mountain chains and continent) 

Other supposed causes of elevation. 

1. Earthquake.'!. Examples have been given in anether plafi 
(p. 236.) of small and limited elevations of land, produced bj 
earthquakes. And it has been inaintained that an indefinite 
repetition of such events might elevate the highest mountains, 
if they took place on no larger scale than at present. But it 
seems to be satisfactorily proved, that some elevations at least, 
Buch as those producing the enormous dislocations in the north 
of England, have occurred to an extent of several thousand feet, 
by a single paroxysmal effort ; whereas the mightiest effects of 
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heat. A block of gianite, five feet long, by a change of ti.m- 
pei'ature of 96° F. expanded 0.027792 inch : cryatalline marble, 
0,03264 inch ; sandstone, 0,054914 inch. By these data it ap- 
' pears, that were the temperature of a portion of the earth's crust 
10 miles thick, to be raised 600°, it would cause the surface to 
rise 200 feet. This would be a greater thickness than could 
be produced by the accumulation of detritus at the bottom of 
any ocean, whose temperature mieht he raised on the hypothe- 
sis of Prof, Babbage. Yet a still greater thickness might he 
heated, provided any new and extensive foci of heat should be 
produced deep beneath the surface of the globe. Still this ac- 
cession of heat would finally be dissipated by radiation ; and 
then the surface would again subside. This cause, th f 
though it may perhaps explain such vertical movement f j 
ticular re^ons as are taking place in Scandinavia, C Id 
Italy, JEn^aiid, &c. seems inadequate to account fo th p 
manent elevation of large continents. If they had b ai d 
iu this manner, and the same remark applies to some t 1 1 
earthquakes, we should hardly expect to find saver 11 I 

systems of elevation on the same coatinent, nor so m y 
pies of vertical strata. Ninth Bridgewatsr Treatise by P f 
Babhage, p. 193, Am. Ed.~ 

3. TJneqaal contraction and e3?pansion of land and w t b/ 
cold and heat Assuming the mean depth of the o t b 
10 miles, and that it had cooled from boiling heat to 40 F t 
volume would contract about 0.042 ; while the cont t n f 
the land jvould be only 0,00417, This would produce a sink- 
ing of the ocean of 697 feet. Phillip^ s Geology, f. 277. An 
increase of temperature would produce an opposite efiect i viz. 
the partial submersion of the land ; though it would be less 
than the desiccation, because of the greater area over which 
the water would fl-ow. Admitting these changes of temperature 
to have taken place, and the theory of central heat supposes 
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the former, that is, the refrigeration, they could not account for 
tlie desiccation of the globe, Ijecause the tilted condition of the 
strata shows that the land has been raised up ; whereas this 
theory imjJies a mere draining of the waters. 

4. A change in t/ie position of the poles of the globe. This 
hypothesis, — not long since so much in vogue, — would explain 
how continents once Beneath the ocean are now above it, if wa 
admit the form of the earth before the change, to have been the 
same as at present : vi-z, an oblate spheroid. But it would not 
esplain the tilted condition of the strata, nor is it sustained by 
any analogous phenomena which astronomy desciribea. 

Elev&tion by Central Heal. 

First mode. It is possiHe to conceive that volcanic power, 
acting as at present, but with vastly greater intensity, might 
have lifted up continents ; for their elevation, in part at least, 
appears to have been the result ef local forces acting beneath 
the earth's crust. 

Second mode. A more probable hypothesis, suggested by 
Beaumont, imputes the present ridged and furrowed condition 
of the earth's surface to a collapse of its consolidated crust upon 
its contracted interior waclews. This may be illustrated by 
Pig. 119, 

Fig, 119. 




The Ottts; circle repraients (he crust of the earth, after it had become con- 
, iolidaled above tils liquid mass within. This heated nucleus would go on 
contracting as it cooIeh, -"hil* the crust would remain nearly of the earns 
vae. At length, when it becasa necessary tor the crust to acconnnodate it- 
self to the nucleus, contracted say to tu; 'uner circle, it could do this only by 
felling down in some places and rising in others ; »" -s represenltd by tlw 
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irregalar line between the two circles. Thus would the avirfaoe of the earth 
beeoine plicated by the sinking down, of some pai-ts bj their gravity, and the 
clevstion of coirespondeut ridges by the laterel firessore. The principal 
ridges tiiua produced, must coincide very nearly with a great circle : and as 
tbe earth's crnst nmdo succesave efforts Iti acoonunodaJe itself to tlie con- 
Btantly contractine nucleus, ridges would be produced in different directions, 
crossing one anotber ; and thus the vaiiotis aysteuia of elevation known lo 
eiist OB the globe, be formed at various epochs. 

Obj. Sucli a shortening of the earth s diameter as this hypoUiesis sup- 
poses, would increase the rapidity of its rotaly motion, and sborlen the length 
of the day ; whereas astronomy shows that for 3000 years no such change 
has taken place. 

.Atis. That period is too. short fairly to test the point ; since it requires a 
long time for tbe tension upon the ctost of tbe globe to become so great as to 
produce a fracture; and this may not have occurred since thatlima Iftllero 
be any dexibility however, in tbe earth's crust, gravity must produce Eome de- 
pression of it in some places, and elevalioD in others, before tbe ten^n ia 
great enough to produee a Iracture. And possibly this may be the origin of 
some cases of slight subsidence or elevaf ion on record. 

8. Other Worlds appear to be passing through the Changes 
ivhicli t/ds Theory supposes the Earth to have Undergone. 
Proof. 1. Comets anti some nebulse appear to be in a gas- 
eous state, from excess of heat; yet gradually condensing, 
3. The sun is apparently in a state of igneous fusion. 3. Stili 
farther advanced in the process of refrigeration are the planets. 
Around the asteroids is an unuSual nebulosity ■ Jupiter is per- 
haps covered by at and Satu Q bj a fluid 1 ghter than wa- 
ter. 4. But tl e state of tbe moon as the neatest heavenly 
body, has been nost accurately ascerta ned and it exhibits the 
most astoi si n,^ examples of volca c act on tl ugh it is not 
certain that ani volca o u) on t *i e no v act e But cra- 
ters, cones and c roular bU" o n n ta s e"; st of extraor- 
dinary dimens oas So e of the co ea a e nearlj 25.000 feet 
high; and some of tbe c ate s 2'> (00 feet deep below the 
general surface a d tl e latter ire ot var bus d ameters, even 
up to 160 I les Tbe s le of sone of these craters presents 
all the wild and jagged appearance of similar locks on the globe. 
Of the mountains and cavities of the moon, about 1100 have 
been measured with great accuracy, and we have a more accu- 
rate map of the surface of the moon turned towards us, than of 
our own planet. Yet as no water exists in the moon, and per- 
haps no atmosphere, it must be destitute of such inhabitants aa 
people this world. Below is a sketch of one of the most re- 
markable volcanic regions, called Heinsius, seen a little ob- 
liquely. See an admirable paper on the Yolcanos of the Moon, 
h/ J. D. Dana, in Am. Jour. Sd., New Series, Vol 3. Most 
of the facts on this subject will he repeated a few pages fiir- 
ward, in another connection. 
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Origin of the Primary Stratified Rocks. 
Rem. Tile way has not previoualy been prepared for n full underataadicg 
ef the hypotiieseB above allua«l to, concerning the origin of tho primary strati- 
fied rocks ; because both of these depend moia or leas upon internal beat. 

First hypothesis. According to diis hypothesis the stratified 
pi'imary rocks are merely tlie mechanical or fossiliferous rooks 
altered by heat. As these accumulated at the bottom of the 
ocean, being much poorer conductors of heat than water, they 
would confine the internal heat that was attempting to escape 
by radiation, until it became so great as to bring the matter into 
a crystalline state ; but not great enough to produce entire fu- 
sion, so as to destroy the marks of stratification. 

Arguments mfaior of this Hypothesis. 
1 N ameiQus facts show that the molecular constitution of 
solid holies mav undeigo gieat changes, without much change 
of the geneial foim , and e^en without any. great elevation of 
tt^mperatuie Thus the heat of the sun alone, will change pris- 
matic crystals of zinc into octahedrons : and the same takes 
pKce with sulphate of nickel. Connection of the Physical 
Sciences by Mis SomervtUe, p. 130. Indeed, Dr. Macculloch 
says he has completely pio»ed by experiments, that "every 
metal can completely change its crystalline arrangements while 
sdid, and many oi them at veiy low temperatures." System of 
Geology, Vol 1 p 190 Analogous changes have taken place 
jn sandstone beueath trap rocks : in trap rocks after they have 
become solid . and in solid glass. Hence the presumption is in 



Host..:[jvGoOgIf 



568 METAMOEPHIC 

favor of these internal changes in rocks of mechanical origin 
from internal heat. 



The heat requisite for the 
crystalline rocks, without destroying the stratified structure 
may have been derived either fiom an internal heated nucleus 
in the earth, when the crust was thinner than at present, as it 
was during the period in which the primary strata were de- 
posited, or from local nuclei of heat, propagated upwards through 
detritus, according to the theory or Prof. Bahbage 

3. Geology furnishes numerous example's m wh ch the me 
chanical or fossiliferous rocks have been converted by heat into 

Erimary crystallized rocks m limited spots hy the agency of 
eat, AVhen dykes of graaite porphyry tiap rocks or recent 
lava, pass through fragmenfary deposit^" for i cprtam distance 
on the sides of the dyke these conversion'; have taken place 
Chalk and earthy limestone are in this manner in Ireland con 
Terted into crystallized mirble and the ame cfiect we 9 pro 
duced upon chalk hy heating it powerfully in t "jpalpd ^un 
barrel. Experimental proof has also leen fun I'.hed b^ the 
chemist, that quartz rocli is merelj sandstone altered bj I eat 
as is shown also at SaJisburj Ciaig Teesdale and Shiop^fhire 
in Great Britain, where sandstone and basalt come in contact 
In Shetland, argillaceous slate when in contact with granite is 
changed into hornblende slate. Clay slate is obviously nothing 
but day that has been subjected to strong heat and pressure 

4. Tlie primary stratified rocks still retain marks ]f a me- 
chanical origin. The general appearance of gneiss and mica 
slate is that of fragments of crystals, more or leas worn and 
toiinded, and then re-cemented by heat. But real conglome- 
rates occur which yet have all the characters of the pnmary 
stratified rocks, except perhaps gneiss. Thus, I have in my 
cabinet from Bellinghaia in Massachusetts, a perfect and highly 
crystalline mica slate, which contains as perfectly rounded peb- 
bles of quartz as any secondary conglomerate ; also a talco 
micaceous slate of the same character, from Rhode Island, which 

b d y 1 f g oxide of iron. These rocks 

i d w th t n t 1 tes on the one side, and with 
p m V 1 t th tl I I ve also, perfectly distinct con- 

gl t f q t k d up of rounded fragments of 

q m t d by mm t d materials of the same kind. 

Th t t f th I B k h re County, in Massachusetts, 

are asso 1 1 d w th g d m ca slate ; all of which at the 

spot, (in Washington,) stand upon their ed^es. 

Obj. I. There is little probability that detritus is conveyed 
to the bottom of the ocean in quantities sufficient to cause such 
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(m accumulation, of internal heat, as would coavert mechanical 
into crystalSine rocks ; — a degree of heat nearly equal to that 
which would melt them. True, the heat would accumulate in 
these deposits to a certain degree : hut not beyond what esists 
in the solid crust of the earth generally ; and this would require 
OS to descend nearly 50 miles, before a temperature would be 
reached sufficient for the purpose. Unless, therefore, thia 
theory supposes a much higher temperature on the globe when 
this change took place, than at present, (and most of its advo- 
cates deny this.) the requisite heat could not have been ob- 
tained, especially as in many cases the primary rocks extend to 
the surface, and do not appear to have ever been covered with 
newer ones ; so that there must have been Jieat enough to pro- 
duce this transformation immediately beneath the waters of the 

2. The difference in chemical composition between the pri- 
mary and the newer rocks, is opposed to the idea that the For- 
mer are only modifications of the latter. For we find that some 
of the ingredients, lime and carbon for instance, are far more 
abundant in the newer than in the older rocks. This diiferecca 
points of course to a different origin. 

3. If all the stratified primary rocks are metamorphic, we 
ought to find in them occasionally, especially in the limestones, 
traces of organic remains. For examples are not uncom 
in which the traces of such remains are found, (of which 
ecription has been given in Section V,) in calcareous i 
which have become perfect crystalline limestones, as in th 
crinal limestone : and in other rooks which are converted into 
vesicular trap by the agency of heat. It is incredible, there- 
fore, that if tne remains of animals and plants once existed in 
these rocks, as numerous as they now exist in the secondary 
rooks, they should all have vanished ; since it is certain, that 
the heat which produced the metamorphosis, was not great 
enough to obliterate the stratification. 

Second hypothesis. This hypothesis supposes the primary 
stratified rocks to have been formed, partly in a mechanical, 
and partly in a chemica! mode, by aqueous and igneous agency, 
when the temperature of the crust of the globe was very high 
and before organic -beings could live upon it. 

Arguments in favor of this Hypothesis. 

1. It shows why, araid so much evidence of chemical agency 
in the formation of the primary rooks, there is still so much 
proof of the operation of mechanical agencies For in that 
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state ot tte ^lobe when its craat had cooled onI> so tii aa to 
allon water to eust upon it in a fluid state lolcamc agency 
must have been fai iiore actne than at present and conse 
qiienlJy the igitated waters muat ha^e norn away the granite 
at their bottom e\tensiiely But as the heated waters would 
contain a great deal of sihca and othei ingredients nhich would 
readil) tall down aa cheninal deposits the abraded mateiiah 
would be consjlidated before they had become entirely rourded 
into pebbles ao that the compound m ght upon the whole be 
le^arded as ol chemical ori^n and >et not bi, destitute as 
gneiss and mici ilate ire not ot the marks of attntio i In 
deed it would bp =trangp if m some instaticof the attrition did 
not proceed so fai as to produi* the laaterials foi a perfect con 
glomerate ; as the facts mentioned under the last hypotheaia 
show was sometimes the fact. 

2, It shows us why silicates predominated in the earlier 
periods of the globe ; and why limestone and carbon were more 
abundant at later periods Thermal waters, it has been shown 
in another place, often contain an abundance of silica in solu- 
tion j but cold water never does - Again, by heating water to 
the boiling point, the carbonic acid is all driven off: and with- 
out this acid, carbonate of lime could not be held in solution to 
much extent : and farther, hot water will dissolve much less 
quicklime than cold; the proportion being as 778 to 1270. 
Hence the heated seas of those early times would contain and 
deposit more of silica, but less of lime, or carbonate of lime, 
than under existing circumstances. Another cause why leas 
of carbonate of lime is found in the older rooks, is, that animals 
did not then exist to eliminate lime from its other combinations, 
and convert it into the carbonate. 

3, It explains the absence of organic remains in the primary 
stratified rocks. It shows that the temperature was too high, 
and the surface too unstable, to allow of the existence of ani- 
mals and plants. And if they had existed in as great abun- 
dance as at present,— an assumption which is made oy the pre- 
ceding hypothesis, — it is incredible that some traces of tnem 
should not remain : for if the fusion of these rocks was not so 
entire as to obliterate all marks of mechanical agency, if, in fact, 
perfectly rounded pebbles still occur in them, there is no reason 
why the harder parts of animals should not also remain; We 
have examples where the traces of organic remains exist in 
rocks, that have been almost entirely fused: — at least so much 
melted, as in the case Of a vegetable stem in trap, in the valley 
of the Connecticut, that it is converted into decided vesicular 
amygdaloid; and yet its vegetable character can scarcely be 
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doubted. (See a, fine Specimen in Amhersi College, amd another 
in the Slate Collection of Massackusetls, at Boston.) We may 
hence Infer, with no little confidence, that organic life did not 
exist on the glohe when the primftry rocks were in a course of 
deposition, and this hypothesis explains the reason. 

4. It explains too the reason why carbon is much less abun- 
lant ill the older than in the newer rocks. Organic beings are 
indoubtediy the source of most of the carbon in the rocks ;— 
and of course it would be found in small quantities where 
neither animals nor plants existed. 

Item, Di'. Moccutloch does indeed state tlint he found organic remainB 
^ifri/iiiccraia,) in quoitz rock, connected with gneias, in Smiderland ; bnt 
other dieUnguiBhed geologieta (Sedgwick and Muronison,) have failed in 
finding any oi that spot. He thinks, also gm Is h oc r 

in hornhlende slate in Glen Tilt. &lltm p 48 i 

Deohen aJso mentions fosEiliferMiB gtaywnek inta tifi wi g ss 
and mica sla.t« in Bahemia. Bnt facts of al ai d 

still further cnofirmaljon. PhiUips's Qsdogj p 

5. It explains the imperceptible gr da g o 
granite, which we often witness, F h k b g a 
were deposited upon the granite, und h ms si p- 
posed by the hypothesis, it a easy to conceive how the internal 
heat should accumulate in the manner explained by Prof Bab- 
bage, so as to melt the granite crust anew, and to extend the 
fusion into the lower beds of the gneiss ; at least so as to pro- 
duce an almost entire obliteration of the lines of stratification, 
and form numerous nidmes of perfect granite in the gneiss. 
This hypothesis explains the passage of these two rocks into 
each other, better than the first hypothesis ; because it supposes 
a higher temperature beneath and upon the earth's crust at the 
time of the formation of the gneiss. 

Jiem,. The most impoitant objections to this hypothesis are cmbiaoed in 
those which are m^ against the docirioe of internal heat in geneial ; and 
therefore, it will be necessary M stale only tlie latter. 

Objections to the Doctrine of Internal Heat. 

Obj. 1. /( Affls been maintained that the high temperature of 
deep excavations map be explained by chemical changes going 
an 171, the rocks; such as the decomposition of iron pyrites by 
mineral waters, the lights employed by the workmen, theheat 
of their bodies, and especially by the condensation of air ai 
great depths. 

Ans. In the csperiments that have been made upon the 
temperature of mines, care has been taken to avoid all these 
Eources of error except the last, (which are indeed sometimes 
very considerable,) and yet the general result is as has been 
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stated ; nor is there a fiingJe example on the other side to invali 
date that result. As to the condensation of air in mines, Mr. 
Fox has shown that the air which ascends fsom their bottom ia 
much warmer than when there ; so that it carries away instead 
of producing heat. Conner's Kisay on the Temperaiwe ofihi 
Interior of the Earth. Edinbv^gh Jourihal of Science, April, 
1832. 

Obj. 3. llie temperatm^ of iM Ocean. Prof. Parrot, who urges this ob. 
jection, i'ecapitula.tecl tliB resulla of tta most accumte observations upon the 
temperaCure of the ocean : " 1. That the temperature dimmishee an ttie 
daplh iDorettsies : 3. That it diniinialies ni first rajMiily, tben very slowly. 
Viora the surface to the depth of S419 fcet, it Jltninishes more than 41°K. 
and from that to 5490 feet, leaa than 3°." Ameriam Jovimol of Sdence, 
Vol. 36i f. 12. According te De La Beche, there are swna exceptions to 
tbeee conclusions, especiallj in high iatitades. In fresh water lakes, the 
HBine observer found that the temperature decreased till it had nenrly 
leached 40"F, when it continued near); the same to the greatest measured 
deptti JMoTOHo! of Oeole'rij p- 20. FacB of this sort Prof. Parrot consid- 
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A few observatioiiE indeed are on record which can Inrdty be reconciled 
to the general principle that waters of lakes and oceans arrange Ihemselvei 
according to their Epecifio gravitiea vet such cases probably result frnm 
local oauaes of variation Upon the whole it «eems that llie facts in re^pecl 
to the ocean's temperature neither prove nor disprove the dcctiine of in 

jRnm. Some have sui^osed that ^inee the ocean has a depth of seversl 
miles, the water at ila bottom ought to be in a state of ebulhlion if Ills 
doctrine of intertill heat be true But there is no reawn to suj.pose (ho 
earth's crust to be thinner there than oo dry land and hence no mors 
heat will escape into the waters by radiating trom the earth thin escipej 
into the air ; which as we have seen "iccording to Fourier is a very 
small quantity not sufficient lo affect the temperature ol Kaler or an 
perceptibly. 

Obj. 3. ' If the centnl heat were as mtfU'^e ai J^ repreient 
ed, there must ha a circulation of cuirents tending to equalize 
the temperature of the resulting fluidj and the solid crust itself 
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would be melted." — " If the wKole planet, for esanmle, were 
composed of water covered with a spheroidal crust of ice fifty 
raiieg thick, and with an interior ocean having a central heat 
about iiOO times that of the melting point of ice, &c : — if it must 
be conceded, in this case, that the whole spheroid would in- 
stajitlv be in a state of violent ebullition, that the ice instead 
of being strengthened annually by new internal layers, would 
soon melt and form part of an atmoaphero of steam, on what 
principle can it ho maintained that analogous effects would not 
follow in regard to the eaxth under the conditions assumed in 
the theory of central heat?" hyelVs Prin. Geol. Vol. 2. y. 
440, avd 449. 

Ans. In the first place, it is not essential to the doctrine of 
central heat, that a temperature very much exceeding that 
requisite to melt roclcs, (7000°F,} should exist in any part of 
the molten nucleus. It may even be admitted that the whole 
globe was cooled down very nearly to that point, before a crust 
began to form over it. For still, according to the conclusions of 
Fourier, it would require an immense period to cool the inter- 
nal parts, so that they should lose their fluid incandescent state, 
after a crust of some 2,0 mDes thick had been formed over them. 
In the second place, we have the case of currents of lava, which 
cool at their surface, bo as to permit men to walk over them, 
while for years, and even decades of years, the lava beneath is 
in a molten state, and sometimes even in motion. And if a crust 
can thus readily be formed over lava, why might not one be 
formed over the whole globe, while its interior was in a melted 
state : and if a crust only a few feet in thickneas, can so long 
preserve the internal mass of lava at an incandescent heat, why 
may not a crust upon the earth, many miles in thickness, pre- 
serve for thousands of years the nucleus of the earth in the 
game state ? True, if we immerse a solid piece of metal in a 
melted mass of the same, the fragment will be melted ; because 
it cannot radiate the heat which passei into it : but keep one 
side of the fragment exposed to a cold medium, as the crust of 
the earth is, and it will require very much stronger heat to melt 
the other side. If the crust of the globe were to be broken into 
fragments, and these plunged into fluid matter beneath, pro- 
bably the whole would soon be melted, if the internal heat be 
strong enough. But so long as its outer surface is surrounded 
by a medium, whose temperature is at least 58° below aero, 
nothing but a heat inconceivably potverful, can make much im- 
pression on its interior surface. In the third place, a globe of 
water intensely heated at its centre, and covered by a crust of 
ice, is not a just illustration of a globe of earth in a similar con' 
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dition, covered by a crust of rocks and soils. For between, ico 
Bnd water there is no intermediate or semi-fluid condition. As 
soon as the ice melts, there exists a perfect mobility among the 
particles ; so that ths hottest, because the lightest, would always 
be kept in contact with the surrounding cmst of ice, and melt 
it continually more and more : especially as ice, being a perfect 
non-conductor of heat, would not permit any of it to pass 
through, and by radiation prevent the melting. On the other 
hand, between solid rock and perfectly fluid lava there is every 
conceivable degree ot spi'isitude and ot course every degree of 
mobility among the particles Hence they ccnild not m that 
semi-fluid stratum, inange themsel\es in the order of theif 
specific gravities; and therefore, the lajer ot greatest heat 
would not be in contact with the unmelted foiiH rock Tiue, 
the heat would be diflused outwards but so long as the hard 
ened crust could radiate the excess of temperature the melting 
would n)t advance m that direction Ihn wjuld take place 
only when the heat wis so e\ces5ive that the em elope could 
not throw it off into space 

CWj 4 It la m-antaineil that if the earth was origir ally m a fluid 0( 
gaseous elate and subsequently condenscct tho saliiJific-ition would com 
n enire at the centre and prooeeJ outwa.rda The aol difici hon of a nu 
cleue ct the centre by pressure would tliraw out much heat b^ which a 
layer around the ntrcfeiB kohU be espanded, so as to become kghter, and 
to cause heavier particlta to take its place These would at lenglh become 
aobdified and thus would thio proccea gradnalh ndi ance towards the cir 
cumferenCB of (ho globe until the whole was lonverte 1 into a solid mass 
This 19 the view of M PoisBon See Am Jomiial if Science, tol %i 
P 61 

Ans If It be admitted that the order of soli lification in a globe condeir 
mng from a fluid or a gaseous state woald be Irom the eentre lo the cir 
cuiifirente while thit gloLe was sarroUnded bf i medium (f very high 
tflinperatnre yet if the temperature were sooh as actually surrounds the 
eirth radiat on must produce a crust over (he surfice -ind when once a 
solid crust was formed then the conclusions of Baron Fourier already eK 
piained would follow Even thongh enormous pressure might make the 
Central parts more dense than the crust st It this would so confine the 
heat that a high temperature might esist in the interior In every case 
in which experinenis baie been made upon the cooling of intenstly 
heated bodiea a crust forms over (he surfwje which much letarda the re 
fngsralion of the cenetil parts Ail known analogies therefore are op- 
posed to this hypothesis 

Hem M Poissoa leeorls to a most extraordinary supposition lo ex 
dfun the observed increaae of lempeiature as we descend inti the earth 
He assumes as true Ihe suggestion of the elder Herschel that Ihe solai 
system is in motion through space and that the temperature of this spaco 
IS so diffirent m JitTerent parts as to heat the earth lo a great d«|th at 
onetime and then while passing throigh the fngiil regions it is gridually 
giving off Its heat It !i horny necesairy to say that such a movement 
of the ?olar sj stem as is htre supposed has scarcely notlung but conjecture 
to jnove it Bat if it be admitted we cannot imaaine what endEDca 
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thore is, that different poiliona of the spnce passed over shouW have more 
than a very Blight differen^^e of temperature. This is, therefore, an hypo- 
thesis based upon hypotheais. IfScioeift Hist. Indad. Sd. Vol. 3, p. 564. 

HppoihetiBa.1 state of the Globe in the earliest Times. 

Bern. The theory of central heat, as already explained, estonda no tat- 
ther back in the world's history than to the time when the globe was in 
a state of fusion from heat : and the ehemioal theory, which ascnbes auh- 
lerranenn heat to tha osidatioD of a met^lic nucleus, does not necessarily 
describe the state of things in the b«ginnins. But the mind naturally iu- 
quuea, whichever of these theorieo ia ifloptedj what was the state of tbings 
at the commencement, or at the earliest period of which we can obtain 

Jiy giimpaea. To gratify this cocioaity the two ■■-"—'- ■- ■- - ' 

jeen euggested. It ought, however, lo he remo 
entirely groundless, the theories of central hea 
a. metulic nucleus, may nevertheless be true. 

First hypothesis. This is advanced by the i 
original igneous fluidity, and supposes that previotis to that 
time, the matter of the globe haa been in a state so intensely 
heated, as to be entirely dissipated, or converted into vapor and 
gas. As the heat was gradually radiated into space, condensa- 
tion would take place : and this process would evolve a vast 
amount of heat, oy which the materials would be kept in a 
molten state, until at length a solid crust would be formed as 
already explained. 

Argn.mints in favor of this Hypothesis. 

1. The nature of cometa shows that worlds may be in a gaseoos state. 
These bodies appem' to have " no more solidity or coherence than a cloud 
o dust oc a wreath of smoke," — " through which the stars are visible 
wi h n perceptible diminution of their hrighlneas." WJietoell's Bridge- 
V 2 aUse, p. 153, 153. SomeOmes, however, they appear more dense 

w d heir centre, and well defined circnlar nuclra have been seen m a 
f w has been thought, also, that some of them become more dense at 

th successive returns. Dr. Herschfl regards them all as self luminous. 
N w n such fects do we not aee a striking resemblance to the early con- 
d n our globe, according to this hypothesis— to its condition before it 
h d b ne so much condensed as (o be a fluid incandescent mass. 

2. The nebule aK>ear to be similar in Composition to comets: though 
not yet actually converted into comets. They prove that a vast amouni 
of the matter Of the universe actually esiata in the state of vapor. 

3. ITia sun, and probably the fixed stars, appear to be examples of ra>- 
Riensa globes so far condensed as to be in a fluid stale by intense heat. 
This heat, perhaps, is still powerful enoi^h to dissipate the more volatila 
materials, which form a vast zone around ^e sun's equator and produce tbo 
zodiacal light. 

4. The process of refrigeration appears to be still farther advanced Upon 
the moon ; so much so, that it has ceased to he self-luminoua. And yet 
its entire surface bears the marks of volcanic desolation ; so that it is 
doubtful whether even yet it is in such a condition that beings like mui 
(lould inhabit it. BaketneU's Geokgy, jj. 384. 
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5. Some of Iha other planets appear to be in a transition state betwma 
habitablB and uninhabitabie worlds. Thus, a remarkable nebulosity sor- 
Tounds the asteroid planets, Jaoo, Ceres, and Pallas. Jupiter ia not iro- 
probably covered with water; and Saturn bv a fluid lighter than water. 

6. All these facte render it probable that other viorld» are passing 
through the suecessiTe slages of refrigeration to Which the hypothesis un- 
der oonsideroiion supposes the earth to tiave been subjpcl. I'hey afford 
lis BDoie giunpses of a far reaching law of nature on this subject. 

Second liypolhesis, Thia hypothesis supposes the globe to 
have been created a mass of combustibles and metals uncom- 
bined : to which were suddenly added water, the atmosphere, 
chlorine, iodine, and perhaps hydrogen. The chemical action 
that would ensue, would produce an intense ignition and eom- 
hustion of the whole surface of the planet : a new and oxidized 
crUst would be formed over it ; that crust would be rent and 
dislocated, as we now find it to have been. But as the orusi 
became thicker, water and other agents, which act energetically 
on the uncomhined metals, would less frequently reach them , 
and at length the surface woald become habitable. Am. Jour. 
Science, Vol U. p. 88. 

Proof. It ia not pretended that ony &cts directly corroborative of tMo 
fiypottiesis are known. But (he facility with which it explains the changes 
that have taken place on (he globe, ia supposed to render it probable. 

Priii. It is doubtful whether geologists will ever be abl? 
from their science to ascertain the state of things at the begin 
ning, or the first condition of created matter. For though 
they may go far backward in tracing the changes which the 
ffarth has undergone, yet the condition of things becomes so 
different frOm the present the farther they penetrate the past, 
that the thread of analogy fails. Hence it is, that so many 
theones of the earth have not only been failures, but have 
brought ridicule upon the whole science of geology. When 
geologists shall be contented to trace effects to their proximate 
causes only, and leave the origin of things untouched, they will 
find their science resting on a firm foundation. WkewelVs 
Philosophy of the Induclise Sdentes, Vol 2. p. 136. London. 
1840. 

Intensity of Action in the Causes of Geological Change, or iht 
Doctrine of Catastrophes and of Uniformity. 

First theory. Mr, Lyell contends that the causes of geo- 
Ii^cal change now operating upon the globe, with no increasa 
of^intensity, that is, acting with no more energy than at pres- 
ent, are sufficient to account for all the revolutions which the 
Must of the earth has undergone. He admits of no irregulari- 
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ties or catastroptes greater than now take place ; and aupposea 
that the effects which transcend any single eifect of existing 
catises, have been the result of repetitions, sometimes almost 
endless, of present agencies. In other words, he supposes that 
things have remained from the beginning subject to no greater 
changes than they experience at the present time. To prove 
these positions is the great object of his able work on the Prin- 
ciples of Geology. 

Proof 1. It is agreed on all hands, that the nature of geo- 
logical causes has been the same m all ages ; although even as 
late as the time of Cuvier, he says that " none of the agents na- 
ture now employs were sufficient for the production of her an- 
cient works. 

2. All indefinite repetition of an agency on a limited scale, can 
produce the same efl'ects as a paroxysmal effort of the same 
agenoy, however powerful : provided the former is able to pi'O- 
dnce any effect, as for instance, in the accumulation of detritua, 
the elevation of continents, the dislocation of strata, Sic. Now 
it is unphilosophicfll to call in the aid of extraordinary agency, 
when its ordinary operation is sufficient to explain the phe- 



3. Nearly every variety of rock found in the crust of the 
globe, has been shown to be in the course of formation by exist 
ing aqueous and igneous agenpies : and if a few have not yet 
been detected in the process of formation, it is probably bacauso 
they are produced in places inaccessible to observation. 

Se.cond theory. This theory admits that no causes of geologi- 
cal change, different in their nature from those Jiow in action, 
have ever operated on the globe : in other words, that the geo- 
logical processes now going on, are in all cases the antitypes of 
those which were formerly in operation : but it maintains that 
the existing causes operate now in many cases, with less inten- 
sity than formerly. 

Proof 1. The spheroidal figure of the earth and other facte 
already detailed, seem to render almost certain the former fluidity 
of the globe. Now, whether that fluidity was a(jueous or igne- 
ous, or both in part, it is certain that the agencies which pio- 
(luced it must have operated in earlier times with vastly greater 
intensity than at this day, and that their energy must have been 
constantly decreasing from that time to the present. 

2. Still more direct is the evidence from the character of 
oi^nio remains in high latitudes, of the prevalence of a tem 
perature in early times hotter than tropical : too warm indpfd 
to be explained by any supposed change of levels in the dry 
and. And if this be admitted, heat must ha\e been moia 
24 
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powerful in its operation than at present; and this would in 
crease the aqueous, afmospheric and organic agencies of those 
times. 

3. No agency at present in operation, without a vast increase 
of energy, is adequate to the elevation, seveful thousand feet, 
of vast chains of mountains and continents j such as we know 
to haye taken place in early times. A succession of elevations 
by earthquakes, repeated- through an indefinite number of ages, 
the vertical movements being only a few feet at each recnr- 
rence, is a cause inadequate to the effect, if we admit that earth- 
quakes have exhibited their maximum energy within historic 
times. Besides, it is difficult to conceive how a continent could 
be sustained several thousand feet high, unless melted matter be 
forced in beneath its crust. But earthquakes, and oven thp 
whole amount of volcanic power, if the doctrine of internal heal 
be rejected, could not supply any such prop. If we could sup 
pose a succession of earthquakes, acting for thousands oi 
millions of years along some anticlinal axis of great length, wa 
have reason to suppose from their known operation, that some 
times they would elevate, and sometimes sink down the sur 
face ; so that the final resultant would be probably little chanei 
of level, and not an elevation lilie the Andes or the HimmalayaK 
mountains. 

4. In a majority of cases, the periods of disturbance on the 
globe appear to have been short compared with the periods of 
lepose that have intervened : as is obvious from the fact that 
particular formations have the same strike and dip throughout 
their whole extent : unless some portions have been acted upon 
by more than one elevatory force: and then we find a sudden 
change of strike and dip in the formations above and below. 
Whereas, had any of the causes of elevation now in operation 
lifted up these foimations b^ a repetition of their present oom- 
parativelj mmute eff cts there ought to be a gradual decrease 
in the dip from the bottom of the formation upwards, and no 
sudden chanee of dip between an\ two consecutive formations, 
unless some strata ire wanting At the periods of these eleva- 
tory movements therefore the force must have been greater 
than any that is now e\erted to produce analogous effects. 

5. The sudden and remarkable changes in the organic con- 
tents of the ctrata is we pass fiom one formation to another, 
even when none of the regnlai strata are wanting, coincides ex- 
actly with thp supposition of In g periods of repose, succeeded 
by dcstructii e cata&trophes I\or is the supposition that speciea 
of animals and phnts ba^e bei-ome gradually extinct, ana have 
been replaced by new specie'", bv a law of nature during periods 
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of repose, sustained by any facts that have occurred within the 
historic period : no example having been discovered of the crea- 
tion of a new species by such a law ; aod only a few examples 
of the extinction of a species. WhevJelVs Hist, Indue. Sei., Vol, 
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strata, requires for its explanation a greater intensity ol action 
in existing geological agencies than is known at the present day- 
This point, however, has been so fully discussed in Section VII, 
that nothing more need be added here. 

8. Upon the whole, with the exception of glaeio-aqueous 
action, were we to confine oUr attention to the tertiary and allu- 
vial strata, it might he possible to explain their phenomena by 
existing causes, operating with their present intensity. But 
when we examine thn secondary and primary rocks, we are 
forced to the conclusion that this hypothesis is inadec[nate i and 
that we must admit a far greater intensity in geological agencies 
in early times than at present. 

9, But the question here arises, how long a period shall we 
assume as a measure of the intensity of existing agencies 1 The 
most strenuous advocates of the doctrine of uniformity will ad- 
mit of some oscillation in the intensity of these agencies ; be- 
cause a single year shows it How then shall we determine 
how wide that oscillation may be 1 In order to obtain the 
average intensity, how can we say but that all geological cycles 
must be included ? To make any particular portion of time 
the measure of all the rest, must be an arbitrary assumption. 
And therefore, we cannot ascertain what is the standard or the 



average of intensity : and until this can be done, is the subject 
eonsidered under this head any thing more than a controversy 
ibout words ? The alluvial period has been assumed in the 
above argument as the measure of all that have gone before it 
But can any reason be given why this should be taken rafliei 
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than a longer one ? and who knows how much greater intejaitV 
existing causes may yet exhibit, during the alluvial periodj 
than they have done ? Since we know that some catastropheSj 
however small they may be regarded, have occurred during the 
alluvial 01 historic period, all presumption against more power- 
ful ones in future is takea away : and as to past changesj we 
must judge of the intensity of the producing agencies by th» 
effects. See an able view of this subject in WhewtU's I'hiloso- 
phy of the Inductive Scienees, Vol. 2. p. 123. 

Character atid Repletion of Metallic Veins. 

Beta, The auljject of metallic veina,— one of the moat Jifficult in geology, 
although toiiche<< upon in eeveral places in this worh, haa been nimnl; ue- 
ferred 10 Ihia plnCB; because il could not ha well undersuiod without an ac- 
quaintance with nearly the whole of geology. 

Descr. The loetallic matter, called ore, rarely occupies thd 
whole of tha vein : but is disseminated more or less abuiidantlj 
through the quartz, sulphate of baryta, wacke, granite, he 
which constitutes the greater part of the vein, and is called the 
gangue, matrix or veinstone. Often the ore and the gangut 
form alternating layers. Sometimes there are cavities lined 
with crystals, which cavities are called di'ases. 

Vescr. Metallic like other veins vary very much in width, 
both in a vertical and a horizontal direction. They are of un- 
known depth ; for scarcely ever have they been exhausted 
downward. The deepest mine that has been worked, is that at 
Truttenberg in Bohemia : which has been explored to the depth 
of 3000 feet. 

Descr. In all cases metallic like other mineral veins, are 
filled with matter different from the rocks which they traverse. 
In some instances they are obviously of the same age with the 
containing rock, but in a majority of cases, they are fissures 
that have been su.bsec|uently iiOed. They exhibit almost every 
variety of dip and strike, and yet it has been thought that they 
very often affect an east and west direction, though frequently 
they run north and south, and their dip usually approaches the 
perpendicular. These veins often ramify and diminish until 
they iinally disappear. Their width is very various ; from a 
mere line, up to some hundreds of feet. The metallic veins of 
Cornwall vary from an inch to 30 feet in width. The contents 
are sometimes arranged in successive and often corresponding 
layers on each side, 

DescT. The contents of metalliferous veins often vary in tho 
same vein, in different rocks, through which it passes, both per- 
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pendicnlarly and in the direction of tte vein. Its width t 

Descr. Metallic veins are ni 
transition rocks. No vein is worked ii 
the new red sandstone. Nor are any explored of mnch impor- 
tance, above the carboniferous limestone. In the Pyrenees, 
however, hematitic and spathic iron occur in transition strata, 
in the lias, and the chalk. In the CordiHeras of Chili, also 
tertiary strata, which have become crystalline by the proximity 
of granite, are traversed by true metallic veins of iron, conjier, 
arsenic, silver, and gold, which proceed from the underlying 

Bescr. As a general fact, metallic veins ate most productive 
near the junction of stratified and unstratified rocks. TJieii 
productiveness depends also on their direction, in some measure : 
an east and west direction being regarded as the most favorable 
in Cornwall ; while the cross cov/rses, or north and south veins, 
are usually unproductive. 

DescT, Mr, Carne finds evidence in Cornwall of the piisteiioe of melai- 
lic veins of no less than em ot eight different ages : a case analagous lo the 
one eihib^rj on Plate 3, Whmvan Hist. Indite. ScinaKs, Vol. 3. p. 510. 
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I Werner supposed that ^ ems were lf^"x\"^\^ 
fissures filled by aqueous infiltration Ft^N^ ^^"""^ 
from above. But it is probable that this j ,^^ - 
hypothesis will apply to scarcely a single -v" '•' ^v , 
example of all the varieties of veins. '~' ^ — 

2. Hutton supposed that Veins were p*i^~:-~::- -r^-C 
filled by melted matter injected from. . 
beneath. And the facts that ha\ 
detailed in this wc 
certain, that a large part of tl 
filled by unstratified rock, were thus 1 
produced. Indeed, it is often practicable 
to trace these veins to the central n 
from, which they proceeded, and to 
follow them at the other extremity, as 
they thin oif and are lost It is almost | 
equally certain that many s 
were thus produced. 

3. Prof. Sedgwick i 
veins to have been produi 
segregation from the roci 
occur, while that was in a yieldine; s itc , 
just as the nodules of flint were segre 
gated from chalk, or crystils of ■Jimple 
minerals from the rocks m which fhey 
are now found imbedded That many 
veins were produced in this manner Ci 
hardly be doubted : for sometimes ^ 
find them passing by insensible ^ 
tion into the including rod and thus 
showing that they are of contempor 
rock, while both were in a fluid state 
segregation is the only known principle by wliii-h the \eina 
could have been formed. 
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4. Mr. Fox and M. Becquerel refer the origin of many me- 
tallic veine to electro-chemical agencies which are operatmg at 
the present day, to transfer the contents of veins even from the 
solid rocks, in which they are disseminated, into fissures in the 
same. The former of these gentlemen has shown conclusively, 
that the materials of metallic veins, arranged as they are in the 
earth, are capable of exerting a feeble electro-magnetic in- 
flnenee tKat is, they constitute galvanic circuits, whereby nu- 
merous decompositions, and recompositions, and a transfer of 
elements to a considerable distance, may be effected. He was 
induced to commence experiments on this subject, by the analogy 
which lie perceived between the arrangements of miiieral veins 
and voltaic combinations. And he thinks if such an agency be 
admitted in the earth, it shows why metallic veins, having a 
nenrly eB9t and west direction, are richer in ore than others ; 
since electro-magnetic currents would more readily pass in an 
east and west than in a north and south dir ' 'n ns 
quence of the magnetism of the earth. M. B q 1 h 
shown, that even insoluble metallic compound y b p 
duced by the slow and long continued reaction d t f n e 
of the elements of soluble compounds by galva a t n H 
has also made an important practical application f th p n 
ciples, which is said to be in successful operat n n F an e 
whereby the ores of silver, lead and copper, are reduced with- 
out the use of mercury. Buckland's Bridgewater Treatise., 2d. 
Edition, p. 552, and 615, Vol 1. and f. 108, Vol. 2. This in- 
genious theory bids fair to solve many perplexing enigmas re- 
lating to metallic veins ; and to prove that some of them may 
even now be in a course of formation. 

5. M. Neckar and Dr. Buckknd suggest, that some mineral 
veins may have been filled by the sublimation of their contents 
into fissures and cavities of the superincumbent rocks, by means 
of intensely heated mineral matter beneath. Thus, it has been 
shown that by heating galena in a tube, and causing its vapor 
to unite with that of water, a new deposition of that mineral 
was produced in the upper part of the tube ; and in a similar 
manner boracic acid, which by itself does not sublime, may be 
carried upwards and deposited anew. Bucklan^s BridgewaUr 
Treatise, Vol. 1. f. 651. Phillips's Geology, p. 2T3. 

Coadiwim. Probably it will be necessxiy to call in the aiJ of nearly all 
Ihe preceding Iijpotheses to explain the coniplicat«J phenomena of mineral 

For accurate acconnlE of tbis difficult subject see PMBips's Treatise an 
Qeology, Vol. 9, Chajif^ VIII. Also De Im Be^% Gsologiad Report en 
ComwaU and Deeon, Cha^tfT X. Aho Amsled's Geologg, Yd. a, p. 244, 
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BETWEEN GEOLOGY AND KELIGION, 



1. niustrations of Natural Seligionfrom Geology. 

Rem. The bearing of geology upon religion, has aiwuys ratcited a go<-4 dea» 

of interest and discuBsion: and being in some respects paiuliar and important, 

B treatiEBOn geology, which omits thi^subject, must Iw considered as deficient 

Frin. Geology shows us that the existing system of things 
upon the globe had a beginning. 

Proof. 1 . Existing continents have been raised from the bot- 
tom of the sea, where most of their surface was formed by de- 
positions. 3. With a few exceptions, the existing races of ani- 
mals am) plaats must have been cieated since the deposition of 
all the rooks except the diluvial , since their remains do not 
occur in the oldei rocks Hence it appears that not only the 
present races of organic beings but the land which they inhabit, 
are of comparati\ ely modem pioduction. 

Inf. I. Henceiti^infeired thattheexistingracesol animals 
and plants must have resulted from ihe creative agency of the 
Supreme Being : for even if wo admit that existing coatinenta 
might have been brought itito their present state by natural 
causes, the creation of an almost entirely new system of organic 
beings, could have resulted ouly from an exertion of an mhmtely 
wise and powerful Being. Indeed, the bestowment of life must 
be regai-ded as the highest act of omnipotence. 

Inf. 3. Hence the doctrine which maintains that the opera, 
tions of nature have proceeded eternally as they now do, and 
that it is unnecessary to call in the agency of the Deity to ex- 
plain natural phenomena, is shown to be erroneous. 

Inf. 3. The preceding inferences beiog admitted, natuial 
theology need not labor to disprove the eternity of matter . since 
its eternal duration might be admitted, without afiecting any 
important doctrine. See Chalmers' Works, Yol. 1, Chap V on 
Natural Theology ; where this subject is admirably treated. 

Prin. Several different systems of organic life have appear- 
ed on the globe, adapted to its varj'ing conditions, as to tempe- 
rature, moisture, food, and other circumstances. In the opinion 
of maay geologists, also, numerous changes took place on tha 
globe previous to the creation of animals and plants ; all of 
which tended to prepare it for their dwelling place. 

Inf. 1. Hence it appears that the Deity has always exercised 
oyer the globe a superintending Providonce ; and whenever it 
was necessary, has interfered with the regular sequence of events. 

I«f. 3. A presumption is also hence obtained, that the mat. 



Host..:[jvGoOgIf 



NATURAL RELieiOH ILLUSTHATED. 285 



tti of the globe had a beginning ; or at least, all presumption 
ag&inst ita creation out of nothing, is taken away. For there 
must have been a commencement to a series of changes in which 
there is continued improvement, {such as the globe has actually 
experienced ;) and it is a priori as probable, that at the begin- 
ning of these changes, matter was called into existence, as that at 
successive periods new races of aoimals and plants were created. 

I'rin. In all the conditions of the globe from the earliest 
times, and in the structureof all the organic beings that have suc- 
cessively peopled it, we find the same marks of wise and bene- 
volent adaptation, as in existing races ; and a perfect unity of 
design extending through everj' period of the world's history. 

Proof. 1. The anatomical structure of animals and plants 
was very different at different epochs : hut in all cases the change 
was fitted lo adapt the species more perfectly to its peculiar con- 
dition. 2. To communicate the greatest aggregate amount of 
happiness, is a leading object in the arrangements of the present 
system of nature : and it is clear from geology, that this was the 
leading object in all previous systems. 3. The existence of 
carcivoTOUs races among existing tribes of animals tends to in- 
crease the aggregate of enjoyment, first, by the happiness which 
those races themselves enjoy ; secondly, by the great reduction 
of the suffering which disease and gradual decay would pro- 
duce, were they not prevented by sudden death : and thirdly, 
by preventing any of the races from such an excessive multi- 
plication aa would exhaust their supply of food, and thus pro- 
duce great suffering. Now we find that carnivoraiis races al- 
ways existed on the globe ; showing a perfect unity of design in 
this respect. Thus when the chambered shells, so abundant in 
the secondary rocks, and which were carnivorous, became ex- 
tinct at the commencement of the tertiary epoch, numerous uni- 
valve molluscs were created, which were carnivorous : although 
tin that time these races had l>een herbivorous. 

Ltf. From these statements we infer the absolute perfection, 
and especially the immutable wisdom of the Divine character. 
A. minute examination of the works of creation as they now 
exist, discloses the infinite perfection of its Author, when they 
were brought into existence : and geology proves Him to have 
been unchangeably the same, through the vast periods of past 
duration, wboh that science shows to have elapsed since the 
original formation of the matter of our earth. 

Rem. The whole of this subject is adiniraHy developed in the hie splen- 
did Bridgewater Treatise, by Dt. Buckland. 

Prin. Geology furnishes many peculiar proofs of the bene- 
volence of the Deity. The following are the most striking. 



Host..:[jvGoOgIf 



FROOFS OF DIVINE BENEVOLENCE. 



1. The formation of Soils by the 
Illiis. The disiniegratio 
witness, strikes the roitid ot 
dicating some defect of con 
But when we find that the i 
tion are exactly adapted lo 
are essential to the existence 
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disruption, cootorliop, and oveiturmnjjO, eibibited by the rocks, 
present a scene of confusion and chaos rather than proofs of be- 
nevolent design. But suppose the strata had remained horizon- 
tal, as iirst deposited. Nearly all the beds of valuable rocks 
and minerals must have been hidden from human view, and ren. 
dered inaccessible. But the disturbances experienced by these 
strata have brought them within the reach of human industry. 
Design then is manifest in this apparent confusion. 

3. The formation of Valleys. 

lUus. In mountainous eoutitries these have resulted mainly 
from the elevation and dislocation of the strata. They have, 
however, been greatly modified and rendered beautiful and ara- 
ble, by means of atmospheric and aqueous agencies ; and to 
these latter causes most of the valleys in level countries owe 
their origin. Now without valleys, the earth would be uninha- 
bitable ; because there could be no circulation of water, and stag- 
nation and death would pervade all nature, even if we admit 
enoughof inequality to redeemaparf of the earth from the ocean. 
4. The distribution of Water. 

JUws, We might at first suppose, that in mountainoas regions, 
all the water would soon be accumulated in the valleys. Where- 
as such are the nature and situation of the soil and rocks, that 
the ridges are usually as well watered as the valleys. The al- 
ternations of pervious with impervious strata form natural re- 
servoirs of water in the earth, and those dislocations of the 
strata, termed faults, tend to render these seservoirs still more 
perfect, while the fact that sprmgs ocoui m ^]mos.t every p-irt 
of the earth, show that enough communications exist to the sur- 
face to allow of the passage of ^uflieient wafei for the suppoji 
of animals and vegetables. These springs unning into rivers, 
find their way into the ocean , wheie an equal quantity of wa- 
ter is evaporaled, and brought back by clouds into the legiona 
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where this perpetual drain is going on. Thus a constant cir. 
dilation is kept up ; while the hydraulic aiTangementa of the 
earth's crust are such as to keep a constant supply in all those 
places where it is needed. Surely here is benevolent design ; 
and design too brought about by apparent disoi-der and confusion. 

5. The distribution of Metallic Ores. 
lUus, If the earth has been in a state of fusion, we should 
expect that the metals, being generally heavier than other min- 
erals, would have accumulated at the centre, and have disap- 
peared from the earth's crust. But by means of sublimation, 
segregation, and other agencies, enough of these metals has 
been brought so near the surface as to be accessible to man. 
Yet they are not so abundant, nor so easily obtained, as not to 
demand patient industry and ingenuity, whose exercise is india. 
peasable to human improvement and happiness. Again, the 
most important of these metallic ores, — iron, lead, copper, &o. 
are most abundantly distributed -and most easily obtained. 

6. Glacio-aqueous Agency. 
Bliis. The effect cf those powerful agencies, until recently 
regarded as exclusively diluvial, that have swept over large por- 
tions of the earth's surface in past times, has been to wear down 
its more rocky and salient parts, to convert steep escarpments 
into gentle slopes, and to increase the quantity of soil, and 
spread it more extensively over the surface. Hence, though at 
Jirst a desolating agency, its ultimate effect is most salutary. 

7. Volcanic Agency. 

nius. It operates, in the fii-st place, as a safety valve, to pre- 
vent those vast accumulations of heat which xist in the eirth 
fi-om rending whole continents up n he pa 

aids in raising contioenla from a a d n n 

of valleys. 

Ohj. Why should not a be n B og h mn p 

tent, secure to his creatures the b n fi su f 

canic agency, without the attendan e su a e d c 
tion of property and life ? 

Ans. This is a question that m e s e uden of a u a heo 
logy at almost every step of h g e ne find a os 

universally, that evils are iocid pa h na u a 

tendency and general effect are benehcial. Probably it is so, be- 
cause a greater amount of good can thereby be secured in the end. 
But the existence of evil is one of those difficult subjects whose 
complete elucidation ought not to be expected in this world. 
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8. The accumulation of extensive deposits of eoat, rock sak, 
gypsum, marble, and ol^er valuable minerals, for the tute 
of man during tile long periods that preceded his existence. 

Elus. While flie earth was in a state unfit for the animals 
and plants now existing upon it, it was covered with a gigantic 
vegetation, whose relics became entombed, and vere gradually 
converted into those beds of coal, which are now in the course 
of disinterment, and which are so importaat to human improve- 
ment and happiness. Then also, rock salt, gypsum, and mar- 
ble were slowly preparing for the service of beings to be created 
centuries afterwards. Can there be a doubt but this ia a beau- 
tiful example of the prospective benevoleoco of the Deity 1 

9. The adaptation of the natures of different groups of ani- 

mals to the varying condition of the globe. 
Blus. The Deify intended the world ultimately to become 
the residence of intellectual and moral beings : but for wise 
reasons he chose to bring it by slow processes of change into a 
fit condition for their residence. Yet his overflowing benevo- 
lence prompted Him to people the world, during this transition 
state, with animals whoso natures were perfectly adapted to its 
condition. And as often as that condition changed, did he change 
its inhabitants and their constitution. He might have left it 
desolate during these mighty periods of preparation. But infi- 
nite benevolence would not permit. 

The World in a fallen State. 

Prin. In spite of these evidences of Divine benevolence, 
geol<^y unites with all other sciences, and with experience, in 
showing the world to be in a fallen condition, and that ihis con- 
dition was foreseen and provided for, long before man's exist- 
ence, so that he might find it a world well adapted to a state of 
probation. 

Proof. I. It appears that the laws and operations of nature 
have been the same, essentially, as at present in all ages. 
3. That the same systems of sustenance, reproduction and 
death, have always prevailed. 

Inf. 1. Hence it must always have been impossible, in thia 
world, to have avoided severe suffering : ex. gr, pain and death. 

Inf. 3. Hence it has never been such a world as perfect 
benevolence would have prepared for perfectly holy and happy 
beings ; though benevolence has always so decidedly predom- 
inated in it, as to show it to be a world of probation and mercy, 
not of retribution. 
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Prin. Geology enlarges our conceptions of the plans of the 
Diiity, 

Exam. 1. The prevail 
duration of the globe to i 
backward and fotwai'd only a few thousand years. But geology 
teaches us that this is only one of the units of a long series m 
its history. It develops a plan of the Dfeity respecting its pre- 
paration and use, grand in its outlines, and beautiful in its exe- 
edition ; reaching far back into past eternity, and looldng for- 
wards, perhaps indefinitely, into the future. 

2. Each successive change in the condition of the earth thus 
far, appears to bttve been an improved condition : that is, bet- 
ter adapted foi nature"? nioie and mors perfect and complicated 
In its earliest habitable state its soil must have been scanty and 
sterile and almost destitute of calcareous matter ejicept in the 
state ot silicates which plants decompose with difficultv The 
suitace also was but little elevated aliote the waters and of 
c urse the atmosphere must ha\ e been very dair p though the 
t mperature was i ery his^h E\ erj subsequent cnange appears 
to have mcieased the quantity and fertility of the soil the 
t mount of the saUs of lime and geme and the dr} ness of the 
atmospheie bhould anothei change ocLur •similar to those 
through which it has aire idy passed we might expect the con 
tinents to be moie fertile and capable of suppoitmg a denser 
] jpulati"- 

3 It appears that ore jf the giand means h\ whn,h the 
jians ot the Deity in rfspect to the mateiial world are accom 
phshed IS constant change partly mechanical but chiefly 
(.) emical In en ty part of our globe on its surface in its 
ciust and we have reason to suppose e^ en m its deep interior 
these changes are ill constant progress and were they not urn 
versal stlgnatioa and death would be the result l\e have 
reason to suspect also that cl anges analogous to those which 
the earth has undergone Or is now undeigoinE; aie taking 
place in other worlds Iti the comets the Bun the fixed stars 
and the planets In short geology has gi\ en us a glimpse of a 
great principle of inttabihty by which the si bil iy of the uni 
vers© Is secured , and at the same time, all these movements and 
revolutions in the forms of matter essential to the existence of 
, are produce 
?erywhere, w 

but they now appear to be an indication of wise and benevolent 
design : — a part of the vast plans of the Deity for securing the 
Btability and happin " '"■- — ' 
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2 Connection, of Geology with Revealed Religion. 

Prin. Eevelation does not attempt to give instiiietion in tKe 
priDciples of science ; nor does it use the precise and accurate 
language of science : bnt the moi-e indefinite language of com- 
mon life. Nor does science attempt to teach the peculiar truths 
contained in revelation. 

Inf. ] . Hence it is only where revelation incidentally touches 
upon the same points as science, that the two subjects can be 
brought into comparison. 

/n/ 3. Hence there may be apparent discrepancy between 
the two subjects, when there is real agreement, on account of a 
diflference in the language employed : ex. gr. : the Bible appa- 
rently contradicts astronomy, when it asserts that the earth is 
i>eable, and that the sun rises and sets : but that here is 



no real disagreement, is too obvious to require proof. 

Inf. 3. Hence it is reasonable to expect, only that the prin- 
ciples of science, rightly understood, should not contradict the 
statements of revektion, rightly interpreted. Unexpected co- 
incidences, however, may occur between the two subjects ; and 
these will tend to strengthen our belief in the truth of both. 

Inf. 4. Hence the points of apparent discrepancy ought to 
be more numerous than the points of agreement between science 
and revelation, in order to prove a real contradiction between 
them : for it is as difficult to explain an apparent agreement, 
where there is real discrepancy, as the reverse. 

Points of Coincidence betmeen Geology and Revelation. 

1, They agree in representing our present continents as for- 
merly covered by the ocean. 

Proof That they were thus submerged, is one of the best 
settled principles of geology ; and that revelation teaches the 
same, appears from Genesis, 1 ; 1,9, 

2. They agree as to the agents employed to produce geologi- 
tal changes on the globe : viz, water and heat. 

Proof Water is the only a^ent directly named in Genesis, 
and the elevation of the land is imputed directly to the exertion 
of Omnipotence. But in Psalm 104 : 2. 4 io 7, where this 
operation seems to be described, the voice of God!s thunder, there 
represented as the agent, may reasonably be understood to refer 
to volcanic agency. This same agency is represented as hav- 
ing destroyed the cities of the plain, according to Dr. Hender- 
son's translation of Job 22 : 15 io 20. A future change in the 
earth, is also described as resulting from fire, Id. Peter, 3 ; 10 
Ste Turner's Sacred History of the World, f. 24, 25. 
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3. They agree in representing the work of creation as pro- 
gressive, after the first production of the matter of the univeiee. 
Genesis, First Chapter. 

4. They agt?e in the fact that man was among tlie latest of 
the animals created to inhabit the glohe. 



5. They agrea in the fact, that the epoch when the existing 
races of animaia and plants were placed upon the globe, was 
comparatively recent. 

Proof. According to revelation, this epoch could not have 
been more than 6000 years ago ; aiid although we cannot as yet 
connect geological and chronological time, there ate facts which 
prove that the commancement of the present order of things, 
and of the existing races of animals and plants, cannot have 
been very remote. Their remains occur only in alluvia! depos- 
its. Now the quantity of alluvium at the mouths of rivers, al- 
though often advancing rapidly, is yet comparatively limited. 
The accumulation of fragmeata at the base of steep rocky pre- 
cipices, ia still in most cases going on: as is also the formation 
of peat. But had these processes commenced at an immeasur- 
ably remote period, they ought ere this to be completed. Wide 
oceans ought to he converted into alluvial plains, precipices 
ehoald all be levelled, and peat swamps be so filled that the pro- 
cess of its formation would stop. 

6. The facts of geology render the future destruction of the 
earth by fire, a not improbable event. 

Proof. Nearly all geologists admit that the earth contains 
Taat reservoirs of heat' and if these are brought into action by 
th fi t f tl Aim ghty th I m. t gl t b It d id ih 
ea h d tk th ^ Ih nb I 1 j I y 

to h th t Ihtwthtmal ff 
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tlie perjod when death was mtioduced upon the globe. 

Descr. Geologists suppose that the changes which have 
taken place on the globe, must have occupied immense periods 
of time : and that several successive systems of animals and 
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plants inhabited the world previous to the creation of the exisl 
mg races ; whereas the Mosaic acconnt, accoiding to the com- 
mon interpretation, represents the matter of the globe to have 
been prodnced out of nothing, only a few literal days previous 
to the creation of man ■ and that all the animals and plants 
h dhgb nbgh 



gists ID general have been hostile to the Bible . aji opinion nhich maj be 
reftiteJ by an appeal to their writings. 

Prin. In or^er to obviate this objection to repelation, it is 
only necessary to show, that one or more modes exist, of recon- 
ciling the apparent discrepancy, which it would be more rea- 
sonable to adopt than to infer any real coJlision between the 
tHO records '^ome of these modes of explanation will now be 
briefly dpsciibed 

1 Some theological (but no geological) writers maintain, that 
the fo6si!iferous rocks were not the result of slow deposition and 
consohdation but were created at once, with all their organic 
contents just as we now find them. 

Refutaho i This is admitted to be possible ; because God's 
power IS infimte But our only gi'ound for judging as to the 
cause of any natural changes, is analogy: — and this is entirely 
opposed to the idea that rooks were thus produced ; and every 
example that can be quoted of rocks in a course of formation, 
is in favor of their slow formation by second causes. 

2. Some maintain that the fossiliferous rocks were deposited 
by the deluge of Noah. 

Refutation. I. That deluge must have been for the most 
part Tiolont and tumultuous in its action on the globe : for the 
ocean must Lave flowed over the land in strong currents ; and 
when it retired, urged on as it was by a wind, similar currents 
must have prevailed. But a large proportion of the rocks were 
evidently deposited in quiet waters. 2. If deposited by that 
deluge, the materials and entombed organic remains of the rocks 
ought to be confusedly mingled together; whereas in both 
these respects they are actually arranged with great regularity 
into groups. 3. The period occupied by the Noachian deluge 
was vastly too short for the deposition of rocks seven miles ui 
thickness, and with a great number of entire and distinct changes 

in their nature and organic contents. 4. The orgs 

in the rocks do not correspond to the animals and 
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hnng on the globe. But this deluge took place since the crea- 
tion of the present races ; and, therefore, by this hypolhesie, 
they ought to he found in the rocks. Hence they were depos- 
ited before that event. 

Hem. An apology ie due lo the geologicol reader, for introducing a for- 
mal refutation of an IiypolheBia, which, to him, appEara bo entirely absurd. 
The apology consists in iJie feet, tjiot many iolelligent men are still found 
maintaining thia hypothesis, 

3. Some suppose that the fossiliferous strata have been de- 
posited in the interval of 1600 years between the creation of 
man and the deluge. 

Refutatio'/t, I. The tjme since the deluge has been twice as 
loKg OS 1600 years ; but the amount of alluvium deposited has 
not been one thousandth part as great as the whole fossiliferous 
rocks. Hence 1600 years is vasuy too short a period for their 
deposition : since no reason can be given why the process of 
their formation was essentially more rapid before than after the 
deluge. 2. By this hypothesis the sea and land must have 
changed places at the deluge ; in order to bring the fossiliferous 
rocks from the bottom of the sea. But geology renders it ex- 
tremely probable that no interchange of this sort took place so 
recently. 3. On this hypothesis the organic remains ought to 
consist of species of the existing races, with man among the 
number ; unless we suppose that several new and distinct 
creations of animals and plants have taken place on the globe 
since man was placed upon it, none of which are mentioned by 
Moses. 4. There is the strongest evidence that the primary as 
well as the fossiliferous rocks, have resulted from secondary 
agencies ; that is, they have existed in some previous form, be- 
fore assumiiip their present state. But these changes could not 
have taken place after the creation and multiplication of man ; 
because to ahe way the primary rocks is to take away all 
lerra fit na an h h h eould_ have subsisted. 

4, Some ega d he days of the creation, (called the demi- 
y/rgie day ) he Mo ic account as not literal days of 24 
hours, b period of definite or unequal length, or as the 
represen a es ot ndefi ite periods. 

Rsm, Three varieties of opi ' mb c d in this theory, as aliove 

itntcd. 1. Tho more common pp h the term day is here ia 

ie understood figurati'etj, bs emb a ! g p "oJ of time : a mode of 

aaina; the term, that is frequ 11 )ang g s. 2. Some, eb Bishop 

Horeley end Professor Jameeo b h revolution of Iha earth 

m tie sxis was at firet " inc U nd that it did not ac- 

iuire its prespjit rate till the c! f h f rth day; bo that the first 

IT davs may have been of vb d P so^hieal Magaxine, VeL 

.. ^.n ....,..,/. _ nn- "^ ]( ^ [j (jjjg theoiy ha« been 



17. p. 243 ; oJm Vd. 46. jf 



Hostc.bvGoogIe 



294 DAYS OF CREATION 

xhiy eluctdaW by Dr. Keith in his Dm 

%, p. 127. First- AtTierktmEdiHon, 11^.. _. , -.. 

many, and Professor Boah in this country, suppose that each of the si. 
demiurgic dajs staocla as the closing day, or representative, of an indefinite 
nnmber of days, which malie up six periods of unknown and perhaps un- 
equal length: during which geolc^cal processes might have been going on. 
American Bibtkai Repository, Vol. 6, p. 336. BtiSCs Q,uestions and iwiet 
upon, the Book of Geaesis, 'id. ed. 

Arguments in favor of this Theory. 

I. The word day is often used in Soripture to express a pe- 
riod of indefinite length, Es. gr. Luke 17: 24,— John 8; 56. Job 
14:6. &c. 2, The sun, moon, and stars were not created till the 
fourth day ; so that the revolution of the earth on its axis in 
24 hours did not probably exist before that time ■ and some 
other measure of time must have been adopted, which Moses 
tells us was light and darkness ; and how often these succeeded 
one another is not revealed ; and therefore is unknown, 8. 
The seventh day, or the sabbath, has not yet terminated | and 
win not, until God shall resume the work of creation ; that is, 
it will continite from the beginning to the destruction of the 
world, and there is no reason why we ought not to regard the 
other demiumc days as of at least equalleneth. 4. In order 
to reconcile tlie declarations of Scripture with the discoveries 
of astronomy, it is necessary to depart as much from the literal 
meaning aa this interpretation demands. 5. This interpreta- 
tion corresponds remarkaWy with the traditional cosmogonies 
of many heathen nations ; as the ancient Etruscans, and the 
Hindoos, who describe the demiurgic days as immense periods. 
6. This theory is thought by Professor Jameson and others to 
develops a striking ooineidence between the epochs of creation 
as described by Moses and by geologists. BakeieelVs Geology, 
p. 450. 

Ohj. 1. There is no evidence that the word day is used 
fieuratively in the first chapter of Genesis, as it is in all other 
places in Scripture where it means an indefinite period, except 
jsrhajw Gen. 2; 4. On the contrary, the Mosaic description 
of the creation appears to he a very simple and perfectly literal 
history, adapted to the most uncultivated minds. 2, In the 
fourth commandment (Exodus 20: 9. 10. 11.) no one can doubt 
but the six days of labor and the Sabbath, spoken of in the 9th 
and !Oth verses, are literal days. By what principle of inter- 
preting language, can the same word in the nest verse, where 
the creation is described, be understood to mean indefinite pe- 
riods? See a parallel passage. Exodus, 31: 17. 3. It seems 
from (ienesis 2; 5, comnared with GSen. J : U, 12, that it tad 
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not rained on tiie earth till the tliird day. If the days weto 
only of 24 hours, this would be very probable, but altogether 
absurd, if they were long periods. 4, Such a meaning is forced 
and unnatural; and therefore not to be adopted without a very 
urgent necessity. 5. By this theory, existing species^ of ani- 
jnals and plants ought to be found mixed with the extmct spe- 
cies in all the fossiliferous rocks : for Moses describes only one 
creation of the different races. Now the fact that they are not 
thus mixed, shows that they could not have been contempora- 
ries. If then the Mosaic account includes the fossil species, it 
does not include the living specioa : and if it embraces the lat- 
ter, it cannot comprehend the former. It is hence inferred, that 
the Mosaic account embraces only existing races, and if this be 
admitted, there is no necessity of supposing the demiurgic days 
to be longer than literal ones. 6. If this theory be admitted, 
instead of exhibiting coincidence between the Mosaic and the 
geological account of the epochs of creation, it produces be- 
tween them manifest discrepancy. For Moses describes vege- 
tables to have been created on the thiiil day, hut animals not 
until the fifth. Hence about one third of the fossiliferous 
rocks, reckoning upwards, or those deposited during the first 
three days, ought to contain only vegetables. Whereas animals 
are found as deep in the rocks as vegetables : nay, in the lowest 
group, nothing but animals has yet been found. 7". The con- 
elusion from fdl these statements, is, that Moses does not de- 
scribo the fossil hut only the existing races of animals and 
plants ; ajid if so, there is no necessity for an extension of his 
demiurgic days into long periods, in order to reconcile his ac- 
count with geology. 

Ilem. For a fuller esamication of the precediog theory, See Fiber's 
Treatise on the Poiiwciai, Lemiical, and Ci/ristiati Dispetaatiojis : Db 
iMds Letters im (te Pkjskal History of the EarH, ! BofoweB's Geology, 2d. 
America,'!!, Ed. p. 439 ; foul the American Biiliad Rtposiiory for Oomer, 
1^5. It ought perhsps to be remarked, that Faber, who hau aclvocalad 
this theory with great ability, bae recently siven it up, BuddaiiiVs 
BHdgcviater Treaiwe, Vol. I. f. 597, 'id. Ed. 1837. 

5. Some suppose that the Mosaic account is a pictorial repre 
sentation of the successive productions of the different parts of 
creation, having truth for its foundation, yet not to be regarded 
as literally and exactiy true. The terms employed, however 
are to be understood in their literal sense. 

Jfltis. Conceive of six separate pictures, ebowing the work in diffpreni 
»tag«s of its progress, " Acd as the performance of the painter, (aaja Dr. 
Knapp,) thoogh it must have tfatural truth fi)r its tbundatioD, must not 
tie eondilered or judefd of as a deUneaUon of mathematical or acien- 
dfic accuracy, so neither must this pictorial representation of the creation 
be regarded as literally and exactly true." Knupp's 'Ideology, Vol. I. p. 364. 
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Inf. Wlietlier this interpretation of the 'Mosaic account he 
admissible, is s. qnestion of meie philokigj', and cannot be dis< 
cussed in this place ; but admitting its correctness, it alFords a 
solution for the apparent discrepancy between geology and reve- 
lation : for ivben it ia conceded that tbe terth may nave existed 
a longer time than the usiial interpretation of the Mosaic ae- 
GOunt allows, tbete is no reason why the time may not be indefi- 
nitely extended ; which is aii that geology requites. 

6. The theory of interpretation which is now the most exteii- 
sively adopted among geologists, supposes that Moses merely 
states that God created the world in tne beginning, without fijc- 
ing; the date of that beginnijig; and that passing in silence an 
unknown period of its history, during which the extinct ani- 
mals and plants found in the rocks might have lived and died, 
be describes only the present creation, which took place in six 
literal days, less than 6000 years ago. 

ATguwevits in favor of this iheoiy ivith objections against it. 
1. It is maifitained by some able writers, such as Dathe, Doe 
derlin, &c. in Germany, Milton in England, and Prof Bush ia 
this country, that the language employed by Moses in the first 
chapter of Genesis, does not mean a' creation of the world out 
of nothing; but only a renovation, or re-modelling of previously 
existing nwtterials. Petiteltuc/ius a Sathio, f. 8. Doedcrlinii 
Thsol&gia, f. 485. Busli's Questions and Notes on Genesis 
Such writers of course admit the existence of the globe during 
an indefinite period before the six demiurgic days. The argu- 
ments for their opiaicais may be found in their works above re- 
ferred to. See also AiaericaTt Biblical Repository. Oct. 1835, 
•p. 280. 2. The phrase, in the beginning., is certainly icdefinite 
as to time, and therefore Moses in Genesis does not fis the time 
of the original creation, even if we admit that he does describe 
that event; and therefore, it is doing no violence to his lan- 
guage, to admit this long intervening period between the crea- 
tion of the universe and of man. If it be said, that in the 
fourth commandment Moses does declare the creation of tke 
world out of nothing to have been contemporaneous with the 
first demiurgic day, it may be replied, that when a writer de- 
scribes an event more than once, his briefer description is io bs 
explained by his more extended account: so that the fourth 
commandment is to be explaiaed by the fuller description in 
Genesis, of the same event. 3. This view of the first ehaptei 
" lesis has been adopted in its essence by many distin- 
d Christian writers, long before the existence of geology 
ience: as for example, by Augustine, Theodoret, 8ic. in 
it times; and by EtKcnmuller senior, Bishop Patrick, &•{. 
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in modem times. 4. If sucii an interval be admitted, it is suffi- 
cient entirely to reconcile the scriptural and geological accounts : 
because, during that period, all the fossiliterous rocka except 
the alluvial, might have heen formed. 5. Astronomy shows us 
that probably other worlds are now undergoing slowly the pro- 
cess of preparation for habitable globes, in a manner analogous 
to that which is supposed to have taken place in the materials 
of the earth, anterior to the demiurgic days. And thus we 
obtain a glimpse of a general pnnciple in the universe, 6. If it to 
objected that according to Moses, the sun, moon, and stars were 
not created till the fourth Jay, it may be replied that a more 
just interpretation of his language shows hia meaning to be, not 
that the heavenly bodies were created on the fourth day, but that 
they were then hrst appointed to serve their present offices; and 
that they might have been in existence through countless ages. 
7. In his late able and most interesting work, On the Rela- 
tion between the Holy Scriptures and some parts of geological 
Science, Dr. John Pye Smith, who is at the head of a Theologi- 
cal Institution at Homerton near London, and who is distm- 
guiahed for his knowledge of theology, biblical philology and 
geology, has proposed such an addition to the interpretation of 
(lenesis just espained, as in fact to form a new method of re- 
conciling geology and revelation. His principal positions are 
the followia^. 1. The first verse of Genesis describes the 
creation of the matter of the whole universe, probably in the 
state of mere elements, at some indefi.nite epoch in past eternity. 
9.. The term earth, as used in the subsequent verses of Genesis 
describing the work of six days, was " designed to express the 
part of our world which God was adapting for the dwelling of 
man and the animals connected with nim. ' 3. The narrative 
of the six days work i^ " a description in expressions adapted 
to the idea dp m k nd in the earliest ages, of a 

series of op by 1 1 h Being of omnipotent wisdom 

and goodn dj d d fi h d not the earth generally, but 
as the par lb d sideration here, a portion 

of its surf f m gl p poses. This portion of the 

earth I CO h b n large part of Asia lying be- 

tween the C dge, ! p an Sea, and Tartary, on the 

north, the Persian and Indian Seas on the south, and the high 
mountain ridges which run at considerable distances, on Uie 
eastern and western flank." P. 285, London Ed. " 3. This 
region was first by atmospheric and geological causes of pre- 
vious operation under the will of the Almighty, brought into a 
condition of superficial ruin, or some kind of general disorder." 
Probably by volcanic agency it was submerged, covered with 



Host..:[jvGoOgIf 



Si98 UK, smith's exegesis. 

fbga and clouds, and subsequently elevated and the atmosphe^ 
by the fourth day rendered peliucid." 4. The sun, moon, and 
stars were not created on the fourth day ; but then " made, 
constituted, or appointed, to be luminaries." 5. The Noachjan 
deluge was limited to that part of the world occupied by the 
human, race, and therefore we ought not to expect that auy 
traeea of it on the globe can now be distinguished fi'om those of 
pi;s¥ioue and analogous deluges. 

Rem. li is impoSEibIa in this place lo present even a suramary of tlia 
paweiful reaBDiiing a»d accurate ernclition by trhich Dr. Smith austaina 
ibe above paaitions in hia Leotores. Tlie evidence in fa«or of sevetal of 
tliani has already been esLibiled-, and 1 shall merely state the two lead- 
ing ptinoiries by wlndi he supports what ia pecobar in his system. 

Proof 1. In the description of the Divine Character and of 
natural phenomena, the sacred writers use language accommo 
dated to the knowledge that existed among the people whom 
they addressed, and conformed to their notions of the universe. 
Hence, when they wished to speak of the universe to the Jews, 
they called it the heavens and the earth. But when they spoke 
of the earth only, we are not to suppose that they used the 
term in an astronomical sense, but to designate that limited part 
of it which was inhabited. For this was all the idea which the 
mind of the Jew attached to it | since he knew nothing of the 
earth beyond those limits. Hence the six days work of creation 
may have been limited to a small part of tlie earth's actual sur- 
face. 2. This view corresponds to the fact that there appear 
to have been numerous centres of creation ; both of animals and 
plants, instead of one spot from which ail proceeded. 3. Also 
with the fact that a considerable number of species of animals 
and plants, which were created much earlier than man, as their 
remains in the tertiary strata shoW— still survive, and do not 
appear to have perished since their first creation. 4. Univer- 
sal terms are often used (in Scripture) to signify only a very 
large amount in nuraber or quantity : as for instance, all tke 
earth came to Egypt to buy from Joseph : for the famine was 
extreme in all the earth. Hence the terms descriptive of the 
deluge may not have literally embraced the whole earth ; but 
have included only the earth then inhabited, 

8. Some contend, that even if all the methods of reconciling 
the two records that have been described, should be regarded by 
any as unsatisfactory, it would he premature, in the present 
state of geology and of sacred philology, to infer any real dis' 
crepancy between them: and especially to infer that the sacred 



Proof I . Because the rapid progress of geological discovery, 
end the not unfrequent changes of opinion among geologists og 
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iiapovtaot points, show us tliat possibly mote lig'ot may yet 
come from that quarter. 2. Because the exegesis of the first 
chapter of Genesis cannot by any means be regarded as settled; 
ill proof of which, it is only necessary to refer to the great di- 
versity of opinion, on many parts of this chapter, yet to be 
found among very able oommentato/s. Hence we may hope 
tor new light from this quatler, 3. Other apparent discrepan- 
cies between science and revelation, even more striking tiian 
that above esamined between geology and revelation, have dis- 
tippeared when the subjects were better understood. For in- 
Blance, the doctrine introduced by the astronomers 200 years 
figo, that the earth tevoives on its axis, and that the heavenly 
bodies do not actually rise and set, seemed to tLe most acute 
and learned theologians of those times, to be in foial blank op- 
position to the Bible ; which declares, that the sv.n ariseth and 
goeth down ; and that God laid the foundation of the em t/i that 
it should not be removed forever. They aisafih the earth to be 
at rest ; and saw the heavens in motion ; so that this new doc 
trine of the Copernican system was opposed not only to the 
Bible, but to the senses. Yet who now suspects an\ collision 
between astronomy and rei'elation? How premafure then to 
infer from a less striking apparent disc repanoj between geology 
and the Bible, that any real opposition exists ! 

Second Supposed Discrepancy. 

Descr. The general interpretation of the Bible has been, 
ttat until the fall of man, death did not exist in the world even 
among the inferior animals. For the Bible asserts that by mam. 
came death, (I Cor. 15: 21.) and by one man sin entered into 
the world and death by sin. (Row. 5: 12.) But geology teaches us 
that myriads of animals lived and died before the cveationof man. 

Solution of the difficulty. Admitting that geology does show- 
that violent and painful death was in tlie world before the fall 
of man, the following suggestions furnish a plausible reconcilia- 
tion of the supposed difficulty. 

1. Not only geology, but zoology and comparative anatomy, 
teach us that death among the inferior animals did not result 
from the fall of man, but from the original constitution given 
them by their Creator, One large class of animals, the carni- 
vorous, have organs expressly intended for destroying other 
classes for food. Nor will it avoid the difficulty to suppose, as 
some have done, (although obviously in the face of the plain 
meaning of the first chapter of Genesis.) that carnivorous ani- 
mals were not created till the time of the deluge. For other 
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animal mubt ha^e hied on vegetables and in doing this tfeer 
must have destroyed a mnltitude of minute insectt ot which 
saveial spsoies mnabit almost eierj ''peoies of plant Miicli 
moie difficnlt would it have been to avoid do^tioi mg millio n 
of aijimalcula which ibo\ind in many of the fluids which 
animals drink and even in the mi which they bieathe fitjU 
tarther throughout the whole iinge ot crganic nature vegetable 
as well aa animal decay and disscdution are mei itable atltr >) 
longeF or a eliorter period In this respect the human syslem 
IS constituted just ulte all other organic natures So that death 
appears to be a universal hw ot organic being as it ewsts on 
earth Moreover Without miraculous mteiference for protec 
tion or ail entire change oi the preient laws of nature animals 
must have been exposed to occasional violent disorganization 
as for instance from the falling ot heavy bodies upj i them or 
from the shock of projectiles even titough there were no ten 
denoy in their natures to dissolution. In short, death could noi 
be excluded from the world, without an entire change in the 
constitution and course of nature ; and such a change we have 
no reason to suppose, from the Mosaic account, took place when 
man fell 2. But God could remove any race of animals, say 
man out of the world, and introduce them into another state, 
without violence, disease, or suffering j and make the change, in 
fact, like many changes in life, a pleasant one ; free from those 
concomitants which now indeed constitute death. He has al- 
ready removed a few from the world in this manner; as Enoch 
and Elijah, and the Bible informs tis tliat thoss who remaiii 
alive at the second coming of Christ, will in a similar manner 
ha translated and not die. (I Cnr. 15: 51, 52,] This probably 
would have been the happy lot of all mankind, if they had not 
sinned. That they could not have continued on earth indefi- 
nitely, is certain : provided the present laws of their multiplica- 
tion Were not suspended: because the world ere long would 
have been filled. 3. The threatening of death to Adam for dis- 
obedience, seems to imply a knowledge on his part, of what 
death Was, that is, he had seen it among the inferior animals : 
for it would be a strange legislation, that imposed a penalty of 
which those under the law could form no idea. 4. The two 
moat striking passages of scriptuie, respecting the introduction 
of death into the world, have been already quoted. In regard 
to that from Romans, 6: 12, by one man sin entered into Ike 
world, and death by sin, the conclusion of the sentence,— (sn.fJ 
10 death passed vfon all men, for thai all have sinned. — showa 
that its meaning must be limited to the human lace. For it 
-aft, .lot that death passed upon all animals, hut upon all mea; 
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una because all had sinned, an act of which the inferior aaimala, 
destitute of moral natures, are not capable. In like manner, the 
passage from 1 Cor. 15:21, For since hyman came death, is Wra- 
ited to the human race by the ooncludiog part of the verse : by 
man came also the resurrection of the dead. For the object here 
ia to draw a contrast between Adam and Christ, aa to their in- 
fluence upon the human family. If the inferior animals are 
included, thea they must not only share in the resurrection, hut 
be interested in the redemption by Christ. 5. Able writers on 
the Bible hare adopted these views in regard to the nature and 
extent of death, long before geology was known as a science. 
To quote only Jeremy Taylor. " That death," saya he, " which 
God threatened to Adam, and which passed upon bis poaterity, 
is not the going out of this World, hut the manner of going. If 
be had stayed in innooenoe, he should have gone hence placidly 
^nd fairly, without vexatious and afHictive circumstances, he 
should not have died by sickness, misfortune, defect, or unwil- 
lingness, but when he fell lie began ta die," &c. Holy Dyijig, 
D. 395; Amherst Ed. 1831. 

Second Answer to Ute Objection. The view that seems mos! 
eatiafaclorily to explain this subject, supposes that God, in view 
of the certainty of man's transgressions, adapted the world be- 
forehand to a fallen creature, who must die. It could not be 
adapted both to mortal and immortal natures, and since sin and 
death are probably inseparable, it must be fitted to the character 
of the former. And as lo the inferior animals, existence would 
be a blessing even though death awaited them ; as we have 
endeavored elaevrhere to show. Death, then, was introduced 
into the world as a prospective result of man's apostasy ; and 
the present theory has this advantage, that it falls in with the 
conrmon opinion, derived from the Bible, that all the misery, 
disoi-der, and suffering, of the present world, are the fruit of 
human transgressions : or, in the language of Scripture, tlte 
wMe creation groaneth and traoaileth togetJier in pain until now. 

General Inferences. The preceding statements show us, 
frxt, that the coincidences between geology and revelation, upon 
points where we might reasonably expect collision, if both the 
records were not essentially true, are much more numerous 
than the apparent discrepancies, and therefore the presumption 
is, that no real disagreement exists: secondly, it appears that 
.here are several modes of reconciling the few apparent dis- 
crepancies, which, on general principles, it would be far more 
reasonable to adopt, than to infer any real discrepancy between 
the two records. Thirdly, it appears that geology ought to be 
regarded as a new means of illustrating, instead of opposing, 
36 
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revelation; since it !eads us to understand certain X 
which had before been misinterpreted ; just as aatronomy did 
in respect fo the heavenly bodies. Finally, it appears that th« 
illustrations of natui'a! religioQ from geology, are more nume. 
roua and important than from aay other, and perhaps all othei 



SECTION X. 

THE HISTORY OP GEOLOaY. 

Ptin, Geology is eminently aa inductive science. Now ii 
Is only within the last half century, that sufficient facta had 
been collected to make aoy important correct inferences respect 
ing the causes of geological change. Hence all the speculations 
of philosophers previous to that time, on this subject, must have 
been mere hypothesis; snmetimes indeed displaying great in- 
genuity, and approximating closely to the truth, but more com- 
inooly, so extravagant as to be the butt of ridicule. 

Prin. Geology is likewise dependent upon an advanced and 
accurate knowledge of chemistry, botany, and zoology : such s 
knowledge as has been attained only within the last half cen- 
tury. On this account also, all previous speculations on geology 
must have been crude and fanciful. 

Inf. I. Heuoe the earlier hypotheses on cosmogony, which 
have been so long the subject of ridicule, ought not to be con- 
nected with the science of geology, as they have long been, to 
its reproach. 

Inf. 2. Hence the history of the early hypotheses, usually 
called Theories of the Earth, is of little importance in its bear- 
ing upon the soieoce ol' geology ; though highly amusing and 
instructive, as illustratingthestrug^lesof the human mind after 
the truth. A brief sketch only will, therefore, he here given 
of these hypotheses. 

Descr. One of the most prevalent opinions among ancient 
philosophers, and which constituted a fundamental principle in 
their cosmogonies, supposes the world to have been subject to 
successive destructions and renovations by fire and water. 
The Grecian philosophers, who derived their notions from the 
Egyptian, denominated those catastrophes the Cataclysm, or 
deluge ; and the Ecpt/rosis, or destruction by fire- The inter- 
val between these changes was variously estimated from 120,000 
o 360.000 years. 

Jieser. Pythagoras entertained very accurate notions respect. 
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ing llie operation of esistiug causes of geological change on tlia 
globe ; such as the changes of sea into dry latid, and the re- 
veree, the formatioa of deltas and other alluvial deposits ; and 
Ihe formation of iaknds by the action of oceanic currents. In 
fact, this philosopher approximated as nearly lo the modern 
views of geologists on these subjects, as he did to those of mod- 
ern astronomers respecting the heavenly bodies. 

Deser. We find Strabo, the geographer, explaining the man- 
ner in which fossil marine shells were brought into their situa- 
tion upon tbe dry land, in a manner that would do no discredit 
to a modei'n geologist. He supposes them deposited originally 
at the bottom of the ocean, whose bed was subsequently elevated 
by earthquakes and volcanic agency. 

Descr. In modern times, after the dark agea, science began 
first to be revived among the Arabians, Even as early as the 
tenth century, some of their writers, as Avicenna and Omar, 
produced some works on mineralogy and geology, which were 
not without considerable merit. 

Descr. Among Christian nations, geological facts first began 
to excite attention in Italy, in the early part of the sixteenth 
century. Two questions were stated respecting organic re- 
mains : first, whether they ever belonged to living animals and 
plants ; secondly, if the alfiimative of this question be admitted, 
whether the petrifaction and situation of these rcmgins could be 
explained by the deluge of Noah. 

Descr. These questioas occupied the learned world for nearly 
800 years. At the commencement of the controversy in Italy, in 
1617, Fracastoro maintained, in (he true spirit of the geology 
of the present day, that fossil shells all once belonged to living 
animals,and that the Noachian deluge was too transient an event 
to explain the phenomena of their fossil ization. But -Mattioli 
regarded them as the result of the operation of a certain materia 
finguis, or " fatty matter," fermented by heat. Faliopio, Pro- 
fessor of Anatomy, supposes that they acquire their forms in 
some oases, bv " the tumultuous movements of terrestrial exhala- 
tions;" and that the tusks of elephants were mere earthy concre- 
tions. Mereati conceived that their peculiar configuration was 
derived from the influence of the heavenly bodies ; while Olivi 
regarded them as mere " sports of nature." Felix Plater, Pro- 
fessor of Anatomy at Basil, in 1517, referred the bones of an 
elephant, found at Lucerne, to a giant at least 19 feet high : 
and in England similar bones were regarded as those of the 
fallen angels ! 

Descr. At the beginning of the 18th century, numerous 
theologians in England, France, Germany, anu Italy, engaged 
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eagerly ia the oontrovei-sy respecting organic remains. The 
point wliich they discussed with the greatest zeal, was the con 
iiection of fossils with the deluge of Noah, That these were all 
deposited by that event, was for more than a century the pre- 
vailing doctrine, which was maintained with great assurance ; 
and a denial of it regarded as nearly equivalent to a denial of 
the whole Bible. 

Descr. The question also, whether fossils ever had an ani- 
mate3 existence, was discussed ia England till near the close 
of the 17th century. In 1677, Dr. Plot attributed their origii- 
to " a plastic virtue latent in the earth." Seheuchzer in Italy, 
however, in ridicule of this opinion, published a work entitled, 
Querulce Piscium ; or the Complaints of the F/'shes ; in whiob 
those animals are made to remoastrats with great earnestnesa 
that they are denied an animated CKistence. 

Descr. Such discussions, howeyer, tended to lead men to 
the collection of facts; and in 1678, we find Lester publishing 
an accurate account of British shells, to which were added the 
fossil species, under the name, however, of turbinated and hi 
valve siones. He also fii-st proposed the construction of regulai 
geological maps. 

Descr. Ia 1880 the distinguished mathematician Leibnitz, 
published his " Protc^cea ;" in which he dovelopstd a theory oi 
the formation of the earth, and of sub.^equent changes in its crust, 
almost exactly like that which is now so widely adopted among 
geologists under the name of the igneous theory. 

Descr. In the posthumous works of Robert Hooke, an English 
physician, published in 1668, are many views much in advance 
of his time, respecting geological changes and phenomena ; espe- 
cially respecting earthquakes and organic I'emains ; which he 
maintains could not have hceo piTjduced hy the Noachian deluge. 

Descr. The famous naturalist, Ray, who published in 1692, 
had similar views with Hooke : but he made improvements upon 
his predecessor ; especially in describing the effects of aqueous 
agencies in modifying the earth's surface. 

Descr. In most of the theories of the earth, however, that 
appeared in England in tlie latter part of the 17th and the first 
part of the 18th century, a strong determination is manifested 
to connect geology with theology. This gave rise to what haa 
been called the Phy si co-Theological School of writers. In 1690, 
Burnet published a visionary work, entitled " The Sacred The- 
ory of the Earth ; containing an account of the Original of the 
Earth, and all the general changes which it hath already un- 
dergone, or is to undergo, till tlie consummation of all things." 
This being written in an elegant style, attracted no little atten 
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tion. About the same time, Woodward, a Professor in Medicine, 
published a theory of the earth, in which he maintained that 
" the whole terrestrial giobe was taken to pieces and dissolved 
at the flood, and that the strata settled dowa from this promiscu- 
ous mass, as an earthy sediment, from a fluid." In 1724, his 
disciple, Hutchinson, came out with the first part of his " Mo- 
ses's Prineipia;" in which ho attacked the theory of his master, 
as well as Newton's theory of gravitation : and he and his nume- 
rous followers maintained, ihnt the Scriptures, when rightly un- 
derstood, contain a perfect system of natural philosophy. Thia 
was the dogma which chiefly distinguished the Hutchinsonian, 
or Physico-Theologioal school ; and its pernicious influence on 
the cause of religion and learning has scarcely yet ceased. 

De^r. The Italian geologists, who were contemporaries of 
these English cosmoBonists, were far more rational iu their 
views. They devoted themselves with considerable success to 
an examination of geological phenomena, and rejected the 
visiooary notions of tlie English. The writiugs of Vallisneri, 
Moro, Generehi, Donati, Targioaa, &c. discover a good deal of 
industry in observation and acuteness in reasoning 

Descr. In 1749, Bufl^n the French natuiahst pioduced aa 
elegantly written hypothesis upon the foimation tf the earth, 
based chiefly upon the (lews of Leibnitz alieadj explained. 
Some of his views gave offence to the Faculty of Theology at 
Paris; and he was compelltd like (jahleo to letraet opinions, 
which atthisdayare raamtained by geologists with nosuspicion 
that they contradict the Sciiptures 

Descr. About the middle of the 18th century, some valuable 
works were produced by Lehman, a Gerraac mineralogist, by 
the botanist Gesner of Zurich, and by Mitchell an Englishman, 
on earthquakes. About the same time, appeared the work of 
Catcott on the Deluge : and although of the physico-theological 
school, he gave some valuable facts relating to diluvial currents. 

Descr. Numerous other writers on geoloH': towards the close 
af tbelSth century, might be named. But Pallas and Saussure 
were the most distinguished. The former examined the moun- 
tains of Siberia, and pointed out the order in which the rocks 
there , iwour. The latter spent most of his time in studying the 
mature of the Alps, and provided valuable materials for his suc- 
cessors. 

Descr. In Germany, France, and Hungary, schools have 
ioQg existed for giving instruction in the art of mining. In 
1775, Werner was appointed professor ia one of these institu- 
tions, at Freyburg, in Saxony ; and in his lectures he attempted 
oertam generalizations iu regard to the position and origitt of 
2fl* 
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rocks, that were very extensively adopted, and for a long tima 
excited rtnich controversy. He supposes that all rocks, the un- 
stratified as well as the stratified, were deposited by wafer ; and 
that originally every formation was uaivei'sal on the globe ; 
and that veins were filled by matter introduced from above, in 
aqueous solution. On account of his referring all deposits to 
the agency of water, his views were denominated the Neptunian 
Theory. 

Descr. Nearly at the same time, a Scotch geologist by the 
name of Huttoo, published a Theory of ilie Earth, opposed in 
most respects to the doctrines of Werner. He supposes that 
the rocks which form our pi'esent continents were derived fron' 
the ruins of former conliuenla; which were abraded and carriea 
into the sea by the agency of running water; just as the same 
agency is now spreading over the boilom of the ocean, deposits 
of mud, sand, and gravel. Afterwards the unstratified rocks, 
in a melted state, were protruded through these deposits, by 
which they were consolidated, rendered more or less crystalline, 
and elevated into their present condition. Many of the fissures 
also, were filled with metallic and other matter, injected from 
beneath. When our present continents are nearly all worn 
down, Hutton supposes this process of consolidation and eleva- 
tion may be repeated. Indeed, in these changes he sees " no 
traces of a beginning, no prospect of an end." Professor Play- 
fair, however, ie his illustration of this theory, endeavors to 
show that Hutton did not mean by such language that the world 
is eternal ; but only that geology, lilie astronomy, does not dis 
close to us the time when this series of changes commenced. 

Descr. These rival hypotheses excited a great deal of dis- 
cussion, both on the European continent and in England, for a 
great number of years. The iinal result is, that the theory of 
Werner has been almost universally abandoned ; especially so 
far as the unstratified rocks are concerned ; while that of Hut- 
ton, denominated also the Plutonian theory, has, in its essential 
principles, been adopted by most geologists of the present day. 

Descr. During these discussions between the Neptunists and 
the Plutonfsts, a humble individual in England, Mr, Wiiiiam 
Smith, was accomplishing more for geology than all its learned 
professors. He explored the whole of England on foot: and in 
1790, published a " Tabular View of the British Strata," in 
which he elasaified the secondary rocks; and although not aci 
quainted with Werner's arrangement, he proposed essentially 
the same order of superposition among the rocks as that geolo- 
gist. He also ascertained that strata, somewhat remote from 
one another, could be identified by their oi^aiiit) r ' " 
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extraordinary perseverance, he was able, in 1815, to publish a 
goologieal map of the whole of England. 

Descr. One important effect of excessive theorizing, was to 
produce an almost universal scepticism in unprejudiced philoso- 
phical miods in respect to all geological hypotheses; and to 
make them feel the importance of amassing facts. Out of these 
feelings grew the London Geological Society, which was founded 
in 1807 ; and which has contributed move than any other public 
institution, to advance the science. This Society selected a 
sentence for their motto, from the Novum Organum of Lard 
Bacon, which invites "those to join them as the true sons of 
science, who have a desire, and a determination, not so much 
to adhere to things already discovered, and to use them, as to 
push forward to farther discoveries ; and to conquer nature, not 
by disputing an adversary, but by labor; and who, finally, do 
not indulge in beautiful and probable speculation, but endeavor 
to attain certainty in their knowledge." 

Descr. The example thus set in England has been followed 
in nearly every part of the civilized world ; and geological so- 
cieties, both local and national, have been formed in so great 
numbers, that even their names cannot here be given. The 
London Geological Society has already produced thirteen 
quarto volumes of transactions. Many of the ablest philoso- 
phers of the age have devoted themselves to geological re- 
searches: and have applied the principles of induction with 
great success ; so that probably no other science has made so 
rapid advances within the last half century, as geology. Very 
numerous geological collections have been formed in almost 
every part of the civilized world ; accurate geological maps 
have been constructed of nearly all Europe and the United 
States ; and in 1843 the Geological Society of France publisiied 
a general geological map of the whole globe; showing the lead- 
ing formations over nearly the whole of its surface. This map, 
however, is in part theoretical. 

Descr. The rapid progress of the collaleral branches of 
science, and their successful application to palaeontology, are to 
be regarded as among the most important means by which ge- 
ology has been thus rapidly advanced. The most important 
application of this sort, was that of comparative anatomy, to de- 
termine the character of organic remains, by the Baron Cuvier, 
in his great work entitled Ossemens FossUes, i^c. in seven 
quarto volumes; first published in 1813. Numerous success- 
ful applications have also been made of the discoveries in the 
various departments of zoology and botany, to the same object ; 
the result of which has been, the great worlcs of Goidfuss, Sow 

,«lc 
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erby, Bronn, &c. on petrified molluscs, zoophyiea, &c. ; ihat <. 
Agassizon fossil fishes; those of Adolphe Brongniart and ol 
Lindley and Hutton, on fossil plautf, and those of Owen oi 
Britisii fossil reptiles and mammalia, on tlie Dinornis, and othe; 
papers too numerous to mention. The splendid work of Ciiviei 
aad Alexander Brongniart, "on the mineral geography ant 
organic remains of tbe neighborhood of Paris," published in 
1811, constituted an era in geology; because it directed the 
attention of geologists to the tertiaiy strata, from which they 
have since gathered so rich a harvest. 

Bescr. The present state of facts and theories ia geology 
may be learnt from the preceding pages. Very many of the 
principles, which are now regarded as belonging to the science, 
may be considered as settled, as much as they are in mos! 
physical sciences : though some of them may doubtless experi- 
ence alight modifications. A few points of importance yet re- 
main in a great measure unsettled. Perhaps on no one is there 
more diversity of opinion, than concerning diluvial action. In- 
deed, the whole history of opinions on this subject ia very in- 
structive. When the subject was firet discussed, as much as 
300 years ago, it was assumed as a most unquestionable fact, 
that whatever marks of a deluge any part of the earth's surface 
exhibited, or even of the former presence of the ocean on the 
land, all must be referred to the deluge of Noah. Nay, it was 
soon maintained that the whole solid frame-work of the globe 
was dissolved and re-deposited by the diluvial waters. One af- 
ter another have these extravagancies of hypothesis been given 
up, and nearly all geologists have come to the conclusion, 
though without denying the occuirenoe of the Noachian del- 
uge, that no certain marks of that eient are now to be discov- 
ered on the globe. Nay, the question now is whether there ia 
any evidence of the oecuri-ence of a general fiood at any epoch. 
Not a few believe that no such evidence exists , while those who 
admit of a general deluge, for the most part, regard it as having 
taken place anterior to man's existence on the globe. It is 
now generally admitted also, that ice, in the form of glaciers 
and icebergs, has beea a most important event ia producing the 
phenomena of drift. After centuries of discussion, it is also bo- 
ginning to be found out, that the facts are yet very imperfectly 
known ; and to an examination of these, geologists are now de- 
voting great attention. 

Descr. In American mineralogy and geology, almost lite- 
rally nothing had been done at the commencemeat of the nine, 
teenth century. A few individuals, indeed, aniong whom may 
be mentioned Dr. Seybert of Philadelphia, Dr. S. L. Mitchill 
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of New York, aad Dr. B. Watei-hoaae of Harvard Univerisity, 
had commenced rather earlier than this, to make collections, 
and to call the public mind to these subjects. But the return 
of Mr. B. D. Perkins and of Dr. A. Brace from Europe, in 
1803, and ISOSjWith beautiful collections, and of Col. Gibbs, in 
1805, with his splendid cabinet, began to awaken more interest ; 
so that ere long courses of lectures upon ttiem were introduced 
into several of our colleges. la 1807, William Maclure returned 
from Europe, and cornmenced, single handed, the Herculean task 
of exploring the geology of the United States; and after several 
years of labor, during which he crossed the Allegany range of 
mountains at different places Dot less than fifty times, be aclu- 
a.lLy produced a geological map of this whole couflti^ ; which, 
though it gives only the Werneriau classes of rocks, forms a 
most valuable outline, and is a monument of great industry and 
perseverance la 1810, Dr. Bruce commenced his Mineraloglcal 
Journal, the first sciectific journal ever undertaken in this coun- 
try. But though ably commenced, it reached only the fourth 
lunibev, in consequence of the sickness and death of its editor. 
In 1S18, Professor Silliman, who had long been among the most 
distinguished and auccessfol pioneers and teachers of these 
sciences, commenced the American Journal of Science; a work 
which has been continued, often at great personal and pecuniary 
saci'ifices on the part of its editor, till it baa now completed its 
52d volume ; and which has bee m ffi 
moting, not only mineralogy and g g 
sciences in the United States. 
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■whole country, has Ions been felt to be a most powerful obatacli 
to the progress of Geology : and in April, 1840, those gentle, 
men who are eagaged in the stale surveys, met in Philadelphia, 
and formed themselves into the Association of American Geolo- 
gists. Their second annual meeting was held ia the same city 
on the first Monday of April, 1841: its third meeting in Boston, 
m 1842: its fourth in Albany, in 1843; its fifth in Washington, 
in 1844: its sixth in New Haven, in 1845 : its seventh in New 
York, in 1848 : and its eighth is appointed in Boston, in Sep- 
tember, 1847. Its first volume of Transactions was published 
in 1843 ; and it has accumulated materials enough for two or 
three volumes more. 

Descr. An important feature in the history of American 
geology, is the numerous geological surveys that have been 
executed, or are still in progress, under the patronage and direc- 
tion of the State authorities, as well as the United Slates Goveni- 
ment. The leading object of these surveys, is to develop those 
mineral resources of the country, (hat are of economical value. 
But with a commendable liberality, the Legislatures have encou- 
raged accurate researches into tlie scientific geology, and some- 
times also into the botany and zoology of the several slates. So 
numerous have these surveys become, that I may not be able to 
give in all cases their entire history up to the present time; but 
since they constitute an important eru in our geology, I shall 
give all the useful facts within my reach. 

Descr. The fii-st survey authorized by the government of a 
state, was that of North Carolina ; which was committed to Pro- 
fessor Olmsted, who made a valuable report, in two parts, the 
first in 1834, and the second in 1825 ; in which the economical 
geology of a considerable part of the state was given in a pam- 
phlet of 141 pages. In 1842, Professor E. IVIitchell published a 
work on Geology, embracing an account of that of North Caro- 
lina, with a geological map of the state. 

Descr. The year following, South Carolina gave a similar 
commission to Professor Vanuxem, whose report was published 
only in the newspapers. 

Descr. The survey of Massachusetts was proposed by Gov. 
Lincoln in 1830, and commenced the same year by the authoi 
of this work, The first Report on the Economical Geology of 
the State was made in 1822, in a pamphlet of 70 pages. In 1833 
a full report on the whole subject was made, in a volume of 702 
pages, with an atlas of plates and a geological map : of which 
a second edition was directed to be printed in 1834. In 1837. 
on recommendation of Governor Everett, a farther exan:' 
of some parts of the geology of the state was oiilered : 
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1838 a report of this re- examination, embracing only the eco- 
nomical geology, was made in a pamphlet of 139 pages. The 
final repoit was published in two quarto volumes of 300 and 
"344 pages, with 56 plates and 283 wood cuts, in 1841. The 
report of 1833, embraced also the zoology and bo!«.ny of the 
state ; and wlieD the re- examination was ordered, these deparf- 
inents were committed to Professors Dewey and Emmons, 
Itev. W. 0. B. Peabody, Drs. Harris, Gould, and Storer, and 
George B. Emerson, Esq., all of whom have made estendea 
lejmrts. 

Descr. Tennessee was only two or three years later than 
Massachusetts in commencing a geological survey, under the 
superintendence of Professor Troost. In 1845 he had made 
eight annual reports, the three last of which were pamphlets of 
32, 37, aud 75 pages j with a geological map of the wiiole state 
in that of 1839 

Descr. In 1834, Professor Ducatel was directed to make a 
Reconnoissance of the state of Mainland ; and his report the 
next year was a pamphlet of 38 pages, -This survey embraces 
the topogj-aphy ; of which Professor Alexander has charge. 
Seven annual reports in addition to the reconnoissance have 
been made by Prof. Ducatel, of about 50 pages each, with maps 
and sections. 

Descr. G. W. Featherstonhaugh, in 1834, received a com- 
mission from the government of the United States, to examine 
geologically " the tei'rilory of Arkansas and the adjacent public 
lands." His first report of 97 pages, with an extensive geologi- 
cal section, embracing 1600 miles, appeared in 1835, and his 
second of 161 pages, with, four sections, in 1836. 

Descr. The survey of New Jersey was ordered in 1835, and 
a report made by Professor Henry D. Rogers in 1836, in a 
pamphlet of 188 pages, with extensive sections; the survey 
having been ordered the preceding year. Ilis final report of 
361 pages was published in 1840, accompanied by a geological 
map of the state. 

Descr. The survey of New York was commenced in 1836. 
It embraced zoology and botany as well as geology ; and waa 
put into the hands of four principal geologists, viz. Profs. Ma- 
ther, Vanuxem, and Emmons, with Mr. Conrad, who were to 
employ each an assistant ; one botanist, viz. Prof. Torrey ; one 
zoologist, viz. Dr. J. E. De Kay ; and one chemist, viz. Profes- 
sor L. C. Beck. Subsequently Mr. Conrad was appointed pa- 
Iteontologist to the survey ; and Mr. J. Hall took his place as 
geologist. These gentlemen made their first report in 1837, in 
a pamphlet of 8U! pages, their second report in 1838, of 384 
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pages; their third report in 1830, of 351 pages; their fourtl' 
report in 1840, of 484 pages ; and their fifth report in 1841, of 
184 pages. The survey is now completed, and at least fen 
quarto volumes of the final report, abundantly and splendidly 
illustrated, have heen published, viz. one volume each by Ma. 
ther, Vanuxem. Emmons, and Hall, upon the geology ; one vol- 
ume by Beck, upon the mineralogy ; one by Torrey, upon tbo 
liotany ; and four by De Kay, upon the zoology. Several other 
volumes, with a geological map, will be published before the 
complatioii of this noble work. 

Descr. The tirst report, which was a reconnoissance of tbs 
geology of Virginia, was made by Prof. Wm. B. Rogers in 1B35, 
of 36 quarto pages : his second report, in IS38, of 80 pages ; 
his third in 1837, of 64 pages ; his fourth in 1838, of 82 quarto 
pages ; and his fifth in 1839, of 161 pages, and the sixth of 132 
pages. Prof. Rogers is aided in this work by five assistants : 
two of whom are occupied in the chemical laboratoi'y. 

Descr. A survey was directed of the state of Maine in 1836, 
under the care of Dr. Charles T. Jackson. He made his first 
report in 1837, of 128 pages : his second in 1838 of 168 pages ; 
and his third in 1889, of 340 pages. The work is now sua. 
pended, at least for a season : though it is iioped that it. will not 
be finally abandoned. Dr. Jackson had also a commission from 
MassBchusetls and Maine, to examine the unsettled lands owned 
by them jointly, and he has made two reports on this subject in 
1837 and 1838. 

Descr. The survey of Connecticut was commenced in 1835; 
and committed to Dr. J. G. Percival for ifie geology, and to 
Prof C U. Shepard for the mineralogy. The latter gentleman 
made a report, in 1837, of 1S8 pages. Dr. Percival reported 
in 1843, in an octavo volume of 495 [ 



beser. The survey of Pennsylvania was begun in 1836, by 
Prof Henry D. Rogers ; who the same year made a report of 
23 pages: and in 1837, another of 93 pages : also one in 1838, 
of 119 pages; another in 1839, of 352 pages; and a fifth in 1840, 
of 179 pages. Prof. Rogers has five assistants, one of whom is 
devoted to the laboratory, and four sub-assistants. The survey? 
of Pennsylvania and Virginia have been completed, but the final 
reports have not yet been published. 

Descr. The first Geological Report on the state of Ohio, 
was submitted to the government in 1839 of 134 pages. This 
survey is under the direction of Prof W. W. Mather, as prin- 
cipal geologist, aided by Dr. S. P. Hildreth, J. P. Kirtland, and 
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Locke, and Professor Briggs, J. W, Foster, Esq. aad Col. J. W, 
Whittlesey. The latter gentleman has charge of the topograph- 
ical department, and Drs. Kirtland and Locke of the zoology and 
botany. Tbeir second report in 1888 contains 286 pages, with 
numerous drawings. This survey is for the present suspended. 
■ Deser. In Delaware, the work was commenced in 1837, by 
James C. Booth, Esq., who has made two annual reports, in 
183S &o.d 1839, in a pamphlet of 26 pages, and his final report 
of 188 pages, was published io 1842. 

Descr. In Michigan, the survey was committed to Douglass 
Houghton, Esq., with two sub-assistants in geology, one assist- 
ant in zoology, one botanist and zoologist, and one topographer 
and draughtsman. In 1S38, the first report appeared of 37 
pages: in 1839, the second report of 133 pages; in 1840, 
the third report of 134 pages, and in 1841, the fourth of 184 
pages- 

Descr. The survey of Indiana was commenced in 1837, by 
Dr. D. D. Owen ; who in 1838, produced his first report of 34 
pages ; and in 1839, his second report, of 54 pages. 

Descr. In 1839, the legislature of Rhode Island commis- 
sioned Dr. Charles T. Jackeoii to make a geological and agri- 
cultural survey of that state, and his report of 322 pages with 
a geological map has beeo published. 

In 1840, the same gentleman was appointed to survey New 
Hampshire ; his first annual report of 164 pages was published 
in 1841, and his final report in 1845, in a quarto volume of 376 
pages, with illustrations. 

Descr. In Georgia, Mr. John R. Cotfing was commissioned 
in 1836 ; and he informs me that half the state has been sur- 
veyed ; that three section lines, from 300 to 430 miles long, 
have been explored ; and that it is intended to publish a volume 
of 600 pages, shortly. 

Deser. In 1839, the legislature of Kentucky directed a 
Geological Reconnoissance of the State to be made, preparatory 
to a more accurate survey. This was executed by Prof. W, W. 
Mather, who reported at the close of the year in a pamphlet of 
40 pages. But I believe the work has not yet beea prosecuted 
farther : although the developments made in Prof. Mather's re- 
port, of the mineral resources of the state, are such that there 
can hardly be a doubt but the survey will he continued, by a 
people as intelligent as those of Kentucky. 

Descr. Professor W. M. Carpenter is now engaged (18^) 
by direction of the Legislature, in making an examination pre- 
liminary to a general geological survey of the State of Louia- 
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In 1839, Dr. D. D. Owen was commisaioned by the govern* 
ment of the United States, to examine the territory of Iowa : o( 
at least, its most promising mineral districts. The work was 
prosecuted by Mr. Owen with as many as ISO assistants ; and 
a report of 161 pages was published in 1840. 

Desor. In 1845, Professor Charlea B. Adams was appointed 
by the governor to make a survey of Vermont, His first re- 
port of 92 pages, was published in the autumn of that year, 
his second in ia46 of 367 pages, aud he is prosecuting the work 
with energy. 

Results. Thus it appears, that within the last 25 years, sur- 
veys have been commenced in 22 states and two territories of 
this Union ; embracing an area of nearly 700.000 square miles. 
For several years, not less than 65 geologists and assistant gee 
legists have been constantly employed in this work. Geological 
maps of Massachusetts, Rhode Island, New Jersey, Tennessee, 
Connecticut, New York, and Norlli Carolina, have already been 
published ; and they are nearly prepared in many other states, 
so that we are now able to construct a complete geological map 
of the United States. The collections of specimens that have 
been made aad will be deposited in the capitals of the different 
states and of the United States wiJl be of great extent and value, 
and the vast number of chemical analyses that have been made 
of different substances will prove of the utmost value. See mj 
Anniversary Address before the Association of American Geo. 
legists in Philadelphia, in April, 1841, where the facts are given 
in greater detail. 

Descr. It ought not to be omitted in this connection, that 
at an earlier date than any of the state surveys were under, 
taien, the late Hon. Stephen Van Rensselaer, with great liber- 
ality and munificence, directed a geological survey to be made 
of the region bordering upon the Erie Canal ; and that Mr, 
Amos Eaton, who was employed, made a report of 163 pages 
in 1824 ; with an extended section from the Atlantic to Lake 
Erie. 

Descr. Within a few years past, the British provinces of 
Nova Scotia and New Brunswick have been geologically ex- 
amined by Dr. Gessncr, who has published reports of his la- 
bors. 

Descr. In 1845, the government of Canada appointed Mr. 
Logan to make a geological survey of that province, and he is 
now engaged in that work. He has published at least one an- 
nual report, 

Descr. As early as 1823, a geological survey of Franecwaa 
Cojnmenced by order of the Government, under the direction 
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of MM. Brochant de Villiers, De Beaumont, and Dufrenoy, 
This work has been proaecuied with great ability for 30 years, 
3eatly a large geolegical map of the whole kingdom haa 
ed. WhevtelVs History of ike Inductive Sciences, Vol. 3. 
p'.'534. London, 1837. 

Descr. In his Anaiversary Address before the London Geo- 
logical Society in February, 1886, Phil. Mag. Vol. 8. 3if Se- 
ries, p. 668, Mr. Lyell says, " early in the Spring of last year, 
an application was made by the Master (Jeneral and Board of 
Ordnance, to Dr. Buckland and Mr, Sedgwick, as Professors of 
Geology in the Universities of Oxford and Cambridge ; and to 
myself, as President of the Geological Society, to offer our 
opinion as to the expediency of combining a geological exami- 
nation of the English counties witii the geographical surveys 
now in progress. The plan was adopted ; and H. L. De la 
Beche commissioned to make the Survey, In 1S39 he made a 
report on the Geology of Cornwall, Devon, and West Somerset, 
in a volume of 684 pages, with 13 plates. 

Inf. Those whose recoHectioa enables them to compare the 
state of geological science 30 years ago with its present condi- 
tion, and Ihe almost universal interest now taken in it, with the 
almost entire absence of all interest or knowledge on the subject 
then, will hardly venture to predict what will be its conslition 
30 years hence. 



SECTION XI. 



Def. Under the term Geographical Geology, I embrace 
simply a summary description of the geology of the different 
countries of the globe, in a geographical order. The term might, 
also, properly include the geography of the globe at different 
geological periods : for it is easy to know what was the geogra- 
phy of the world at these successive periods ; and a map of it 
might be made answering to those limes. Thus, during the 
tertiary period, all those portions of the globe now colored 
as such, on a geological map, might be represented as water ; 
and we should see what was then dry land. Convert all 
the secondary into water, and what remains would show the 
character of our continents during that period ; and so of the 
older fossil iferous formations. This subject, however, cannot 
be treated fully in this work. See Lyell's Principles of Geo- 
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7ogy, and Boue's.Memoires Geologiques, ^c. Tome Premter 
Paris, 1832. 

Bescr. M, Bouc has lately published a goological map of 
the whole globe under the auspices of the Geological Society of 
France ; on which the great classes of rooks are colored over 
a large part of the earth's surface : not all, however, as the re- 
sult of actual observation ; but partly from theoretical consi- 
derations. This map, somewhat modified by later observations, 
together with a geological map of North America, I had in- 
tended to annex to this edition of the present work. But this 
would have so increased the price of it, that it has been thought 
best to publish those maps in a small separate work, as a com- 
panion to the present ooe. In that work I shall exhibit a brief 
view of the geology of the globe, so far as it is Itnown : and 
therefore, I have not devoted so much space to geographical 
geology ill this section ; since 1 trust all who study the ele- 
mentary geology, will possess themselves of the smaller work, 
wJiich will be published soon. A few glaaces at those maps, 
will give more knowledge of the geology of the globe, than 
the fullest detailed descriptions. 



Erigland. 

Rem. The rocks of no country on the globe have been studied 
so carefully and successfully as those of England. Indeed, the 
descriptions of rocks in general, given io this treatise, is based 
upon those of Great Britain : and, therefore, little more will 
here be needed than to describe briefly their distribution in that 
country. 

Descr. The primary rocks are confined chiefly to the west 
or mountainous part of England, viz. Wales, Cumberland, 
Cornwall, and Devon. In proceeding easterly, the country be- 
comes hilly and then level, and the rocks generally become 
newer and newer, until we reach the alluvium of the eastern 
coast. The unstratified i-ocks are mostly confined to the west- 
ern districts, as are the Cambrian and the Silurian Groups. 
The estuary of the Thames contains the principal deposit of the 
tertiary strata. 

Descr. Probably coal is the most important mineral found 
in England ; and that country is remarkably well supplied with 
it. Conybeare and Phillips describe five great coal districts : 
1. That north of the Trent: 2. Central coal district : 3. West- 
ern coal district : 4. Middle western, or Shropshire : 5. South 
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western. Some statements, however, have already been made 
in respect to the coal deposits of England in Section III. The 
annual amount of coal dug and consumed in England and Ire- 
land is about 15.500.000 ions. 

Descr. Extensive deposits of iron often accompany the coal 
of England ; as well as the limestone necessary for smelting 
the ore ; and the firestones for the furnaces ; wlitle the coal sup- 
plies the fuel. In 1839, the amount of iron manufactured from 
ore in England was 1 313 000 tons Miniiig Review Dtc 
1839, p Ibl 

Desi.r liogland contains several mining diotncta wheie 
other metals aie founi the chief of which aie coppei tin, 
lead and antimony In Comivali and Devon the mines of 
these metals aie m pi mary or tiansition rocka Rich lead 
mines vith copper and zinc aie also found in the mountain 
limestone i f England and Wa!e= The amount of oxide of 
tin!ai,cdin 1339 was4888 tois Mining Remevi for Feby 
1840 p 14 The amount of lead in 18J5, was 46 112 tons, 
and the amount of cipper in lb37 was 11 209 tons 

Descr. In the new red sandstone at Northwich, is a valuable 
deposit of rock salt, the two beds being 60 feet in thickness and 
a mile and a half long. The salt springs at Droitwich pi-oduce 
700.000 bushels of salt yearly, and the whole amount in all Eng. 
land, is 15.000.000 bushels. In the London clay, the septaria 
produces the valuable Roman Cement ; which is carried all over 
tlie world. Many other valuable minerals exist in the rocks of 
England, which cannot be here specified. 

Scotland. 

Descr. Scotland is much more mountainous than England, 
and is composed generally of primary and older secondary rocks. 
All the varieties of the former occur here, and are fully devel- 
oped. They consist of granite, syenite, porphyiy, trap and 
Kerpentine ; which are unstratified, and of gneiss, mica slate, 
quartz rock, and clay slate, which are stratified. The second- 
ary rocks are graywacke, old and new red sandstone, mountain 
limestone, coal formation, iias and oolite, which are covered 
with diluvium and alluvium. 

Beser. The amount of iron smelted in Scotland in 1839, 
was 300,000 Ions. Copper, lead and silver, are also obtained 
there. The annual value of lead is about 603.000, and of the 
silver, $44,400. Several important coal fields exists, which fur- 
nish a targe supply. The Mid Lothian coal fields produce an- 
nually 390.000 tons ; and they are calculated to cont^n 2250 
37* 
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milliona of tons : which would supply the whole of Great Bril- 
ain, which annually consumes 30 milliona of toos, for 75 yeara. 
Mining Revievi, Oct. 1839, p. 149. The Brora coal is said to 
be in oolite : but its quality is poor. 

Descr. The Western Islands of Scotland are remarkabie 
for unstratified rocks, which produce much wild aad interesting 
scenery. See Macculloeh's Western Islands, in three Volumes. 
London, IS 10. 

Ireland. 

Best) All the pnmiry and oiler econdiiy rocks both 
sliatihtd and unstiatifaed occur la lieland on an exten^^e 
scale Chalk also is fou id I eneath the trap ppihaps the 
most stnkmg feature of Insh Geology is the last deposit 
of trap in the n rthern part of thp island It ocluj ics an 
area of 800 square miles and is 545 feet in averaije thick 
ne«s Where it eitenda to the coast it exhibits the famous 
eoluiins which constitute the Giant s Causeway an 1 Fingal h 
Cave the lattei being upon the island of Staffi The chalk 
onwl Lh thib tiap ipsls is often cha: gcd into gianulai It e 
sto e Beneath the ch ilk lie green said has and vaiiegated 
mails 

Descj Iieland contains se^eial cual fidd& Nearly all 
that in the p ov oce of Ulunster is aithracite, which is used to 
some extent for burning lime The other lasma produce bitu 
m ous coal The peat bogs in that countiy occupy it 13 
said m le than one tenth of the island and are fiom 15 to 25 
feet thick Iron is also wrought to some extent , as aie cop 
pel and lead The single mine of Allihies produces moie 
than 2000 tons of copper annuallv and tho«e of Goonbana 
and Tigrony in 1811 pioduced 1046 tons N tne ^old also 
occurs in considerable quantity 

Denmark. 

Descr. This low and flat country is composed almost en- 
tirely of the deposits of weald clay, and chalk, covered by ter- 
tiary and drift ; and these in their turn often by alluvium. 

Descr. Iceland and the Faroe Islands, which are under the 
jurisdiction of Denmark, are composed almost entirely of igni- 
genous rocks of two ei'as : the first, that of doierile or green- 
stone ; and the second, that of modern volcanos. Some of the 
most terrible eruptions of modem times have occurred in Ice- 
land. The amygdaloidal rocks of these islands are celebratea 
for the splendid zeolites which they afford. 
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', amd Lapland, 

Descr. These extensive countries form the ancient Scandi 
oavia. It is rough and mouataingus, and the rooks are mostly 
jjrimary, with the older secondary ; though chalk is said to occur; 
and in Sweden some recent tertiary strata. The mountains are 
mostly gneiss with mica and taloose slaffls, aud in Norway are 
extensive deposits of porphyry and syenite. But the diluvium 
or howlder formation that is spread over this country, is per- 
haps the most remarkahle in the whole series. This, however, 
has bean already described in a preceding section. ■ I would 
only remark here, that diluvial phenomena in Scandinavia ap- 
pear to resemble those in New England more nearly than in any 
European country. And there is a good deal of resemblance 
in the rocka and minerals ; especially Detive en those of Norway 
and New England. 

Descr. The mines of Sweden have long been well known. 
Those of gold and silver yield miicb less now than formerly. 
Those of Kongsberg have been considered the richest in Eu- 
rope. A mass of native silver, was once found here weighing 
600 pounds. The copper mines are very prolific : that of 
Pahlun alone yielding annually 510 tons. Cobalt is also 
wrought in several places. From the sulphurets of iron and 
copper, sulphate of iron or copperas is manufactured in large 
quantity. In Sweden and Norway, 120.000 tons of iron were 
manufactured in 1839. The immense beds of iron are usually 
connected with the gneiss. Extensive quarries of granite, 
marble, and porphyry, the latter the finest in Europe, are also 
worked. 

Holland and Belgium. 

Descr. These countries are proverbial for the flatness of 
their almost entire surface ; although some parts are hilly. 
But much of the land lies even below the level of the sea, and 
is defended by dykes. As might be expected, no primary 
rocks occur : nor any twistratified rocks. Clay slate is the old- 
est; and most of these secondary strata are superimposed upon 
this, with one or two tertiary basins, and a coat of diluvium. 

Descr. Both anthracite and bituminous coal ate found 
in Belgium; the latter in great abundance. In 1837 her 250 
cgal nunes yielded 1 .600.000 tons ; and the iron mines in 1839, 
80.000. Mining Review for July, 1838, f, 109 ,- ard for 
January, 1840, p. 6. 

Dt,ier. This extensive country, embracing an area of mora 
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thaQ 200.000 square miles, is generaliy level ; though io its 
central parts moantains lise 5000 or 6000 feet ; and (he high- 
eat mountains of Europe, tho Alps, aro on its borders. Nearly 
all the stratified and unstratified roeks, from the oldest to 
the most lecent are found here The carboniferous stiata 
are far less extensive than lo England but the new red sand 
stone, and the juia or oolitic lime^lonp'i form extensive tl^ct^ 
Chalk also occurs m vast abundance and theie aie not less 
than six extensive basina of tertnry deposila But perhaps 
the most remarkable of the formations la the di'.tnct of ex- 
tinct volcanos iti Auveigne, nhit-h has long been classic 
ground for the geolosri&t The rocUa are liacbyte, basalt and 
tufa. 

Descr. In 1837 the one hundred and ma«'ty eight coal mines 
of France produced 1 150 000 tons of coal , ind her iron nunes, 
600.000 tons of iron in 1639 Miaing Review, M^, 1838, 
and Javvary, 1840 Her lead mines j leld annually about 
ISa* tons, and her silvei mines about 2800 pounds troy. Be- 
sides these, there are mines of coppei antimony, manganese, 
alum, and vitriol. Cobalt, araenio, nickel, and tin, also occu? 
in small quantity, Quanies of marble, slate, gypsum, flint, 
and buhrstone, are likewis 



Deicr. The surface of .Sj-am if, stnl ii giv irregular : some 
f m ■ as the Pjicnees, rising more than 11.000 

Q The central axis of these mountains ia 
m r oldei secondary locka , both stratified and 

middle secondary stiata, however, some- 
ti g at elevation, as in the f^renees. The more 

M even to the chalk, as well as tertiaiy depe- 

nd Olot, in Catalonia, is a region of extinct 
g 20 square leagues, according to Maelure, 
out. Lyell's EUnwnts of Geology, Vol. 3. 

D L occurs in great quantity in Spain ; one district 

less than 30.000 tons. This deposit is in 

ra me. There are also rich quicksilver mines in 

tensive deposit of rock salt exists at Cardona, 

ac ocka. Tile iron smelted in 1839, was only 

18.000 tons, although the ores are said lo be very abundant. 

Extensive deposits of coal are found in the province of Astu- 

rias. The sands of the river in this country have long been 
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Portugal. 

Descr. The geological structure of Portugal is similar to 
tLat of Spain : the older stratified and uiistvatitied rocks const! 
tuting the mountains. Gold occurs in the sands of a few of the 
rivers, and is still sought, but with smalt success. There are 
itlao mines of coal, of graphite, of iron, and of tLuicksilver; 
and formerly tin was explored. 

Italy. 

Desar. Italy contains the loftiest mountains in Europe, viz. 
a part of the Alps, including Mount Blanc, St. Bernard, and the 
Apennine chain. Between these mountains are most beautiful 
plains. The Apennines are made up ia a good measure of 
(imestone, belonging to the newest of the priicary, or the oldest 
of the secondary rocks ; though in some parts are slate, eupho- 
tide, and gabbro. The sub-Apennine hifls, at the base of^the 
Apennines, are composed of tertiary strata, often containing 
species of shells such as now exist in tbe Mediterranean. 
And there is evidence that the Apennine chain has been elevated 
3000 or 4000 feet since the deposition of these tertiary strata. 
Ill Calabria, granite, gneiss, and mica slate exist. Primary rocks 
occur also in the Alps and on the island of Sicily : though most 
of the rocks on this island are secondary and tertiary. Most 
of the English newer secondary rocks occur here. In this 
island, also, is volcanic Etna, nearly 10.000 feet high. On the 
main land, Vesuvius is the only acting volcano, nearly 4000 feet 
in height i though near Naples is a aolfatara, which continually 
gives cff gases and vapor. Brocchi estimates the number of 
craters of extinct volcanos in the vicinity of Naples, at 27, 
.The Lipari Islands, as also Procida and Ischia, are all of vol- 
canic origin j and among the former is the perpetually active 
volcano, Stromboli. In Corsica and Sardinia, the prevailing 
rocks are primary and the older secondary. Jura limestone, 
however, is found there ; and in Sardinia, are tertiary strata 
covered by drift with volcanic rocks. Malta and Goro are 
chiefly composed of soft limestone. Along the shores of the 
Mediterranean are deposits of alluvium : and in the fi.ssures and 
caverns of the rocks, is a calcareous deposit, called bone breccia, 
made up of the fragments of the bones of extinct animals, ce- 
mented by carbonate of lime. 

De^cr. Italy has long been celebrated for its marbles, such 
as the Carara, the Pentelic, Lumachella, &c. Coal occurs there, 
butia not abundant. In the province of Coserza, are extensive 
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beds of rook salt. Silver, lead, copper, and iron, Have beea 
wrought ; the latter especially In 1839, Italj-, with the islands 
of Elba and Sardinia, produced 50 OOO tons of iron The iron 
mines of Elba have been wrought fiojn the earhest times 
Sicily has long supplied neailj all Eusupe sviih aulphur dtig 
horn the tectiaiy clays. 

Switzerland 

DescT. The geology of this country of mountains has been 
explored by many of the ablest geologists ol Europe, commen- 
cing with Saussuie. And although its structure is compheated, 
it has afforded many fine illustrations of geologiual principles 
The central parts of the Alps are primarj or gneisa, mica slate, 
talcose slate, hornblende slate and limestone Ib the gneiss 
talc often replaces the mica; and the rock is then called proto 
gine : of which Mount Blanc is formed On the flanks of the 
mountains are deposits of new red sandstone, liai, oolite green 
sand, chalk, and tertiary strata , over which are accumulations 
of diluvium. The tertiary rook^ are fiora 30U0 to 4U00 feet 
above the ocean, and mark the height to which these mountains 
have been raised since those strita wore deposited All the 
older unstratiiied rocks, as granite syenite, porphj ry Bod. green 
stone, are found in the Alps. 

GerTnanij. 

DescT. The south western, and eastern borders of Germany, 
consist of lofty mountains of primitive rocks ; which occur 
also in several places more central, as in the Hartz mountains. 
Secondary rocks occur in many places ; though relatively less 
abundant than in Great Britain. Yet nearly m the fossiliferoua 
rocks of Great Britain are found in Germncy, and in the same 
relative- position. A part of the extensive plains of northern 
Germany is composed of tertiary rocks, covered with diluvial 
detritus from Scandinavia. As many as four other tertiary 
Basins occur in Germany. Indeed, nearly every stratified rock 
that has been found in any part of the world exists in Germany. 

DescT, Several coal deposits are fooind in this country, wliich 
annually produce about 1.000.000 tons of coal. Salt and gyp- 
sum, are also found in the new red sandstone, and of the former 
the annual produce is 157.500 tons. The amount of iron manu- 
factured in 18S9, in Germany, was about SOOUOO toos : of 
which Austria produced 100.000; Prussia: the sflHie ami *he 
Bartz mountains, 70.000. The annual produce' of the ji-M 
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mines of Gormaiiy,is 182 marks: of silver, 123,000 marks: of 
copper, 1950 tons : of lead, 9560 tons : of tin, 400 tons: ofmer- 
cuty and cinnabar,- 799 tons : of cobalt, 825 tons : of calamine, 
4140 tons: of arsenic, 530 tons : of bisniiltli, 75 tons : of anti- 
mony, 120 tons: of manganese, 90 tons. Indeed, this country 
is the most reraarkahle one in Europe for mining operations, 
end for the scientific skill with which they are condncted. 

Hungary vjith Transi/lvani/i,Scl.avonia,CroaHa,ii!idtkeBannat. 

DtscT. This extensive region has the Carpathian mountains 
on its north and eastern border, and the Julian Alps and other 
mountains on the south. The country in the interior is in 
general hilly, except several plains of great extent. Primary 
rooks occur in several places | but they are not relatively very 
tthundant. Nearly all the secondary and tertiacy stratified de- 
posits hitherto described, occur here ; and above them diluvium 
and alliivimn. The common unstratified rocks are also found 
here ; and in addition we have trachyte in abundance, with 
traohytic porphyries, tufas, and conglomerates ; which are of 
more recent data than the tertiary strata : and one Bolfatara at 
least exists in the trachytic regions of Transylvania. 

Descr. Hungary produces more gold and silver than any 
country in Europe. Hassel states the annual amount of the 
former to bo lOoO pounds; and of the latter 41.600 pounds. 
But this is greater than the quantity now obtained. The iron 
annually smelted is about 10.000 tons ; of copper, [9,000 tons : 
of laad, 1225 tont. : and large quantities of coal and salt ate 
obtained. 

Polamd and Rii-ssia in Europe. 

Oescr. Poland and Russia are for the most part a vast plain 
bounded on the east by the Uralian mountains, and on the south 
by the Carpathian and Silesian chains. These mountains are 
chiefly primary and older secondary ; as are also Finland and 
Russian Lapland. But the tertiary and alluvial strata predo- 
minate in most parts of the country. Nearly ail the stratified 
secondary rocks occur ; such as old and new red sandstone with 
the coal formation intervening ; lias and other limestones, and 
green sand and chalk. The tertiary strata correspond rather 
to those in Hungary and France, than to those of England and 
Italy. Over the tertiary Is a deposit of clay, sand, and bowlders, 
fi;om 30 to 100 feet thick, which has been brought from the 
north ; acd this deposit contains the bones of many extinct 
terrestrial animals. Unstratified rocks i 
trachyte occurs in the Caucasian chain. 
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Descr. In Poland occurs in the terliary strata, the most es- 
tensive deposit of salt in Europe. Several other deposiU of 
this mineral are found in the new red sandstone with gypsum, 
in Hussia. Some coal mines have heen opened : but they are 
not extensively wrought. The iron mines of Russia and Po. 
land yielded in 1839, about 158.000 tons. Copper 
also, on the western side of the Uralian mountains. 
Greece and Turkey in Europe. 

Desi:r. The geology of these couulries is very similar 
;hat of Hungary, but it has not been minutely described. 

Descr. The following Table gives a more recent view than the numl 
already presenter], of the annual proiluca and value of the aiiains operaUoil 
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Turhey in Asia and Arabia. 

Deser. Although many insulated facts are known respect 
ing the rocks of these extensive and mountainous regions, ye 
no connected view of their geology can be made out. It is cer- 
tain, however, that rocks of every age, stratified and unstratified, 
are fouud there. A few statensenls of interest can be made re- 
specting the geology of Syria, Palestine, and Arabia. 

Descr. In Syria and Palestine, limestone, probably of the 
newer secondary class, is the most abundant rock. It forma 
the greater part of the mountains of Lebanon, Anti-LsbanMi, 
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SYHIA AM) PALESTINE. 325 

Carmel, the moutitaiiis of Galilee, and the ridges stretcbing 
south from the Dead Sea. Much of it is yellowish white aud 
compact, not a little resembling the efone used in lithography. 
At least this is the character of the limestone on which Jerusa- 
lem is buih ; and of which the ancient temple of Solomon gnd 
the houses of the city were constructed ; and it was the material 
from which the tesaelated pavement of the streets was formed.* 

DescT, Mount Lebanon has been recently described by M. 
Botta, as ooQsisting of three groups of calcareous rocks. The 
upper group 'consists of limestone of variable hardness, alternat- 
ing with marls :' the middle group embraces siliceous beds and 
nodules, with fossi! echini and fishes ; and the lowest group is 
mostly sandstone, with beds of silico-ealcareous matter, iron ore 
and lignite. The- whoie formation he refers io the chalk. 
Traite Ekmentaire de Geologie, Far M. Bozet, p. 524. 

Descr. Mount Hor and Wady Mousa, in the ancient Edom^ 
are composed of variegated or new red sandstone ; and the ex- 
cavations of Petra, the ancient capita! of Edom, are in this rock ; 
which extends to Mount Sinai, and still farther south. On the bor- 
ders of the Dead Sea marly strata occur, and a j-emarkable ridge 
of rook salt, from 100 to 150 feet high, called Usdum. Eohmson 
and Smith's Biblical Eesearches. in Palesthte, ^c. Vo(.2.p.iSZ. 

Descr. Some of the highest peaks around the Red Sea, are 
said to be composed of granite rock. Mount Sinai is wholly 
granite, or perhaps syenite : as are also the mountains on each 
side of the Arabian Gulf. Porphyry and greenstone exist also 
in the same mountains. Trap rooks occur at Akaha, the east- 
ern extremity of the Red Sea : and according to Burckhardt, 
ancient volcanic craters may be seen in the same region. Ac- 
cording to Von Boch, the valley of the Jordan, from Mount 
Libanus to the Red Sea, is a fiBsure, through wliich volcanic 
agency has been active, and the character of the Dead Sea, as 
well as the thermal springs on its margin, the existence of vol- 
canic rocks in the same region, the rock salt and great amount 
of bitumen, and the columnar and amygdaloidal i-oeks existing 
near the Jordan, render it highly probable that this igneous 
agency has been exerted at some former period. American 
BihUcal Repository, Vol 3, Second Series, pp. 24, S24. 

Descr. Barometrical observations had made it almost certain 
that the Dead Sea is sunk many hundred feet below the level 

» A recent analjaia of this limeBtone gave me in 100 parts, — 

Earthy Rfsiduum 1,00 

Carbonate of Magneda, . . . 0.83 
Cacbonale of Lime, .... 98.17 

io5!o6 

38 



Host..:[jvGoOgIf 



828 PROFESSOR BAlLEi* S KKSfiAttCHES. 

of the Mediterranean : and very recently (1841) the point haa 
been settled by British officers, who have surveyed the region 
between the two seas trigonometrical ly. They find the Dead 
Sea to be 1337 feet below the Mediterranean. 

Hem. 1 ba.VB received an sxt«lisive series of specimens Illustrating the 
geology of Syria and PalesUne, eapHCiallj that of Mount LebEinon, from Re». 
Stoiy Hebara, American mWonary in Syria, who had pMd a good deal of 
attention to geology before leaving (bis country. Thej confirm tbe preceding 
statements essentially. The limestones of Mount Lebanon afa often pulveru- 
lent, and even chalky ; though some of them are compact. They often con- 
tain siliceous nodules ; aomeOmes na large as a man's head, wbich, on break- 
ing open, present splendid geodes of crystals of q^nartz, m BometimeB of mam-, 
miliary chalcedony, SoUd nodules of fiornstone, passing into chalcedony, are 
also common. The limestone conlaina iine petrifac^ons of one or two spe- 
des of Tallin, and Venua, a Terebra, a Ttoohtis, a Doliuin, an Ostrea, an 
fiohinodernj, and fishes on a white marl siatB aomewbat like that of Monte 
Bolca, and with homocercal tails. The aandetones am highly ferraginous, 
and resemble those in this country fliat are referred to tlie lower part of the 
cretaceous group. In this sandstono occnr be^s of asphaltnm, especially at 
Carmel on Mount Lebanon, and at Hemion on jVnti-tibflnus, at the fonner 
place in fercu^nous sandstone. Lignite ia hIbo found on Lebanon. Hear 
the tops of this monntajn occurs a brittle bituminous shale, and on tbe borders 
of the Dead Sea and the Sea of Tiberias, a black highly bitmninous lime- 
stone. Genuine greenstooe is foand wilb the limestone on the east aide of 
Anti-Libanus ; and a vesicular basalt with olivine. Tbe same rock eiists at 
Hauran, southeast of Damascus. Qennine basaltic ve^cukr lava occurs in 
Bn ancient Crater five miles west of Satet ; and a stdl morp porous variety on 
the nortii shore of the Dead Sea. The ruins of Jericho furnish aHimllar root 
(See Bte Specimims in Uie Cabinet of Amherit Co)lege.) 

Descr. " The compact limestone rocks which bound the 
Nile iQ the whole of Upper Egypt," saya Mr. Weaver in his 
Observations on Ehrenberg's Discoveries in Mag. Nat. Hist. 
for June, 1841, p. 305, " and e.vtend far into the Sahara, or De- 
sert, aa well as the West Asiatic compact limestones in the 
north of Arabia, are in the mass composed of the coral animal- 
cules (Polythalainia of Bhrenberg, or the Foraminifera of 
D'Orbigoy) of the European challc. This affords a new inaight. 
into the ancient history of tbe formation of Lybia, from Syene 
to the Atlas, and of Arabia, from Sinai to Lebanon : thus open- 
ing a large field to organic distribution. " 

Rem. Professor Bailey, of West Point, having seen the above paragraph, 
requested me (March, 1843) to send him specimens fl'om my collection above 
referred to, of limestones from Syria and Palestine, Having complied with 
tbe request. Professor Bsuley has kindly communicated to me the following 
resolta, which confirm in an interesting manner the statements of ^hlenberg. 
The localities mentioned by Bhrenberg are " HamamFavafin and Tot in tbe St. 
niuanportion of AraVua," " constituting hilly masses in Upper Egypt," and "cort- 
tinoed eaMward into the Great Desert plain tending towards Palestine," The 
specimens examined by Prof. Bailey are moBtly fi-om places much &rther north. 

No. 1. Prom the ulterior of the Pyramid of Cheops -. Polytbalamia dia- 



"IE J- 



West side of Anti-Libanos : Polythatamia abundant. Fig. 1 
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: FORMATtOHS. 



Sit 



No. 30. Antl.ibanus; cJay colored limeBtonB : Polyttajamia abnmlant. 

No. 3. Near DoroaGCua : Poljtbalamia ahu!i<lanl. Pig. 131. 

No. 7. Mount of Oiives ; PolythatouiiB abundant. Fig. Vi3. 

No. 8. BejToot ; Polyttalamia abundant. Pi^. 1^. 

Prof. Boiley has added aketchfa of Polythalamia from (he English chalky and 
firoDi a. cretaceous fijcoiation at a mission station on the Upper Mississippi; 
%. 131. The scale shown on Fig. 133 is tlie same fire nil. It is T%thB 
of a miliimetre, maf uified equally with (he sketches. 

Inf. It ia impossible to compare the sketches on Figs. 121, 
132, without being convinced that they all were derived from 
the same formation ; that is, from the chaik formation. The 
evidence would hardly be more satisfactoi-y if the orgauic re- 
mains were those of mastodons or megatheroids, having as close 
a resemblance as is shown in these figures. What an interesting 
example of the constancy of nature in her minutest works, and of 
the triumph of science over difficulties apparently insuperable I 

Fig. 121. 




Stem a Miisi™n>!/ Slalion on Me Uj^ir Msni 
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■HOM CHALK FORMATIONS. 
Fig. 132. 




Bescr. In the western part of Asia Minor to 
Smyrna, and in the vicinity of the ancient Sardia and Philadel- 
phia, is a region interesting to the geologist, called the hurnt 
country, from the striking marks it bears of former volcanic ac- 
tion. Here are seen numerous streams and beds of lava, and 
80 distinct voloauos, whose craters are covered by soil and 
vegetation. The deep fissures cut through the lava by running 
water, show that the period of action in these volcanos must 
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have been very remote. Three of them, however, are much 
more recent : yet even these have heea quiet for at least 3000 
years. Dr. Smith's Scripture and Geology, 2d Ed. p. 149. 
fersia, including Cabul, Affglianistan, Baloochistan, ^"C., as far 
as the River Indus. 
Bescr. The little that is known of the geolc^ of this vast 
region, consists of a few insulated facts. On the north, com- 
mences the largest inland sea in the world, viz, the Caspian ; 
which is 600 miles long, and 300 broad, and salt like the oceaa. 
In the northwest part of Persia is the lake Ooroomiab, 300 
miles in circumference, whose watera hold in aolulioti one fiflh 
of their weight in salt, acd eontaio so much sulphuretted hy- 
drogen as to tarnish silver rapidly, after having been brought to 
this country,* The sea of Aral, in Tartary, east of the Cas- 
pian, is also salt. These facts, particularly those in respect to 
Ooroomiah, indicate volcanic agency in those regions ; and the 
remarkable springs and deposition of asphalturn, in the region 
of ancient Assyria, as well as the sulphur in the soil, lead to a 
similar conclusion. An extinct volcanic crater is said to exist 
in the vicinity of Mount Ararat ; and that mountain itself is 
made up of ancient lava. A crater also exists in the Kourdiah 
mountains. Near Tillis, in Georgia, are hot springs; and a 
boiling spring on the river Akhoor, In the Caucasian moun- 
tains are extensive groups of basaltic columns. Near lake 
Ooroomiah occurs the beautiful while or yellowish calcareous 
alabaster of Tabreez, which is deposited by thermal waters in 
great abundance. Near the ruins of the city of Tact-i-Solo- 
mon is another enormous deposit of calc sinter. Copper, lead, 
and silver are mined near Tokat, where 50 furnaces are in ope- 
ration. Iron, copper, and silver are also wrought near Sam- 
soon. Sir Robert Eer Porter's Travels from 1817 to 1820 
See Am. Journal Science, Vol. 37, p. 847. 

Deaer. From specimBiis and their labels sent by Kev. Justin Perkins luid 
J. L. Merrick, American mjsdonaiies in Persia, 1 leoin the following fkcls. 

* I hme recently aEalyicil this water, and found 500 grains of it to coii- 

Of BoUd matter, .... 103.1 grs. 
which wes composed of 

CWoride of Calcium, . . 0.74 grs. 
Chloride of Magnesium, . 5.76 

Chloride of Sodium, . . . 90.58 
SulphRle of Soda, . . . 5.CT 
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830 TAHTARY AND SIBERIA. 

1. That on the vast plain nortliweat of Moupt Ararat, are moraines like thoM 
in this country. 3. That near Ooroomiah are extensive deposita of very fine 
gypspoua alabaster. 3. That gray BandEtone and conglomerate with gypsam 
are aboniliint in Ihe same region. 4. Tliat quartz rack existB there, as well as 
in BomB of the iatanda of the lake, and in several other parts flf Persia. 
5. Tliat limestone is almndant around Ooroomiah. G. That red sandstona 
and conglomerate (prohably tlie new red sandstone,^ constitute a :ric-jntain 
just hock of Tabreez. some part of which appears as if it iiad been eiposed 
to veiy powerful lieat ; and that similar rocis occur in other parts of Persia. 
7. ThatTjeautifUl rock Halt ia dug from ft mountain near Tabreea, aa well aa 
on the plain ofKhoy with gypsum, and atvarious places along the river Acas 
in Georgia. 8. That rich ore of copper, composed of native copper, and the 
green and bine carbonates, eiists in large quantity 30 miles norilieaEt of 
Tabreez, from which the Persian government have manuiiictureii cannon. 
9. That UiB marble in the rnins of Persepolis resembles lias. 

Tartary. 

Descr. The interior portion of Asia is crossed by four 
grand systems of mountains fram east to west ; viz. on the 
south, the Himmalayah, next northerly the Kuenlun, then the 
Thiaa-chan, and the Altaian. The first is in India ; the second 
separates Tartary from Thibet, and the last from Siberia ; while 
the Thian-chan occupies its central parts. The Altaian chain 
presentsitsmagnificent displays of primary and transition rocks; 
over which are secondary aad tertiary deposits. In these rocks 
are numerous metallic deposits. The quantity of gold annually 
derived from thence, is 1140 pounds avoirdupois, and of silver, 
41,992 pounds. 

Descr. Active and extinct volcanos occur in central Asia ; 
occupying a space of 2500 square leagues. The most remark- 
able volcanic mountains are Pechan, Houtcheon, Ouroumptsi, 
Kobok, and Aral-loube. "These are between 900 and 1200 
miles from the sea. 

Siberia. 

Descr. The geology of the Uralian mountains, which sepa. 
rate Siberia from Europe, is similar to the Altaian range in its 
general features. 

Descr. The Uralian mountains, especially on lY.e Siberian 
side, have long been celebrated for their mineral treasures. In 
1828, about 53 tons of gold were thence obtained. As long 
ago as 1782, this mountain yielded 66.000 tons of iron, and 
81.500 tons of copper. The Altaian chain of mountains, also, 
yields an immense quantity of silver, as well as much gold and 
copper. In 23 years, 12.348 pounds of gold, and 334.000 pounds 
of silver, were dug from the single mountain of Schlangenberg. 
In 1828, the entire produce of alver in Siberia was 182 tons. 
In the Uralian mountains, within a few years, platinum has been 
found in such quanlily that it is now used as a coin in Russia. 
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Descr. In 1843 the easfern parts of Siberia yielded 
£'2.250.000 of gold, and the total produce of the whole Russian 
Empire is nearly £3.000.000. There is said to be a tract in 
Siberia,, larger than France, every part of which is more or less 
aiiriferous^ and even the subjacent rocks, when pounded up, yield 
a certaJQ percentage of gold. That country will prove a second 
Brazil. Murchison's Geol. Russia, Vol. l.jp. 648, Land. 1845. 
DescT. Other interesting minerals are found in Siberia : 
among which are the diamond, topaz, emerald, beryl, onyx, lapis 
lazuli, beautiful crystals of quartz, rubelliti 



Hindostan, Thilet, and Further India. 

Descr. The two first of these countries are separated by the 
Himmaiayah mountains, the highest on the globe, and their 
geology becomes, therefore, of great jnierest. On approaching 
this chain from the plains oa the south, we first meet with a 
sandstone belonging lo the newer secondary series ; next in suc- 
cession argillaceous slate, mica slate, talcose slate, quartz rock, 
hornblende siate, and limestone. The highest part of the range 
is composed chiefly of gneiss, traversed by granite. The mica 
slate is traversed by porphyry. At the base of these mountains, 
also, occur tertiary strata, in which the bones of the mastodon 
have been found in Burmah ; and between the river Sutlej and 
the Ganges, bones of the elephant, mastodon, hippopotamus, 
rhinoceros, ellt, horse, deer, crocodiles, gavials, sivatherium, and 
the monkey. Diluvial deposits are said also to occur in these 
mountains. In Middle India, the vast plains ore composed 
mostly of clays, saad, and gravel, with organic remains of ani- 
mals and fossil wood. Good coal also occurs here in a forma- 
tion resting on granite. Peninsular India is composed in a great 
measure of unstratified rooks ; such as granite, syenite, and trap : 
though nearly all the stratified primary ones are preseot also. 
Extensive deposits of secondary and tertiary strata exist there 
likewise ; as well as diluvium and alluvium. The geology of 
Further India is but little known, 

Descr, Southeastern Asia has long been known as a region 
of gems. The diamond occurs in several places in Hindostan, 
both in conglomerate and the alluvium. Corundum, from its 
coarsest to its finest state, is found there. Pegu is well known 
to produce the most beautiful variety of the oriental ruby, which 
is a sapphire. Topaz, zircon, tourmaline, garnets, camelian, 
jasper, agates, amethyst, catseye, chrysolite, &c. are common. 
The annual value of carnelian formerly exported from India, was 
#50.000. Burmah is celebrated for the vast amount of petro. 
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leum collected in wells : which amounts to 95.781 tons per 
annum. India also contains gold, tio, iron, lead, and zinc ! 
though not enough of these metals is obtained for home uoo- 
Bumption. Rocit salt is also found. From Thibet is brought 
a large quantity of borax. This ia obtained from a lake, which 
contains also common salt. The Thibetaos are said to work 
mines of copper and mercury. 

Ceylon. 

Descr. The geology of thi^ large inland lying near the coast 
of southern India, is quite s p e Is ade up almost en- 
tirely of primary rock, most of s a tied The prevailing 
roclt is gneiss ; whicli is asaoc a ed h d 1 m e and suboi-di- 
Date masses of quartz rock trra te sye e a d greenstone, 
also exist there. 

Descr. Iron is almost he only valuable e 1 found in Cey- 
lon. But the gems are nunuerous, Araetbys , o e quartz, cats- 
eye, prase, topaz, schorl, garnet, pyrope, cinnamon stone, zircon, 
spinelle, sapphire, and corundum, have been found ; most of 
them in connection with graphite in gneiss. Transactions of 
the Geological Society, Vol. .5. Part %. p. 311. 
China. 

Descr. Little is known of the geology of China, We only 
know that granite, syenite, porphyry, sandstone, &c., occur 
there. But its minerals are more known. Gold and silver, 
mercury and copper, lead, tin, and arsenic, are among those 
which are wrought. Rubies, corundum, topaz, lapis lazuli, 
jasper, agate, jade, porcelain clay, and marble, are enumerated 
among its valuable minerals. 

Japan. 

Descr. It is known that these islands contain several vol- 
canos, but their other geological features are little understood. 
Gold and silver abound, and copper and mercury occur. Sul- 
phur exists in great quantities ; and coal is found, as well as 
amber, porcelain clay, marble, &c. 

East Indian Archipelago. 

Descr. In Sumatra are four volcanos, nearly 13.000 feel 
high ; while granite, trap, limestone, and other primitive rocks 
exist there, as well as tertiary clays. In Java, are several 
ranges of volcanic mountains ; and at their bases are deposits, 
perhaps tertiary, of limestone, clay, and marl, with rock salt, 
Banca is said to be composed of gneiss and mica slate with 
granite. In Borneo, primary formations are abundant, forming 
the axes of the principal mouutain chains ; while secondary, 
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tertkry, apd alluvial deposits cccupy the lower regions. 'Vol- 
canos also exist here. The Piiilippine islands are likewise vol- 
canic : so are also the Moluccas : of which Celebes contains 
primary rocks. 

Bescr. The mineral treasures of this Archipelago are abun- 
dant. Gold occurs in nearly all the islands : and the amount 
annually collected, is estimated at 2.922.300. Tin ia abundant 
especially in the island of Banca ; where in 1817, about 3083 
tons were smelted. Copper also occurs. Sulphur is obtained 
in great abundance and purity in Java. Borneo is celebrated 
for its diamonds : one of which in the possession of a prince of 
Matan, is valued at $1,194,350. 

Australia, or New Holland. 

JDescr. The details of the geology of particular portions of 
this vast island, or rather continent, have not been given ; yet 
numerous facts on the subject are known. The coast is for the 
most part rocky and mountaioous ; and the recks which have 
been recognized, are granite, mica slate, talcose slate, quartz 
rock, ancient sandstones and limestones, the coal formation, red 
marl, with salt and oolite : also porphyry, greenstone, clinkstone, 
amygdaloid, and serpentine. There are some traces of former 
volcanos. Topaz and agate are the most interesting minerals. 

JDescr. Interesting collections of fossil bones from the lime- 
stone caverns of New Holland have been carried to England, and 
referred to at least 14 species of animals. These animals are all 
similar to those found living in Australia ; such as the kangaroo, 
dasyurns, hypsiprimnus, wombat, a rodent, a saurian, and an ele- 
phant. These bones are much gnawed like those in the English 
caverns, and were probably carried into the caverns by carni- 
vorous races. 

Polynesia. 

Descr. The predominant formations in this vast group of 
islands are the volcanic and the coral reefs. Those islands 
formed by the latter, are low and levd : but the others rise to 
a great height. Mouna Roa in. the Sandwich islands is more 
than 16.000 feet high ; and Mouna Kea, 18.400 feet. These 
islands, with a surface of 4000 square miles, are all volcanic r 
Kirauea being the most remarkable volcano on the globe. The 
Society islands are composed mostly of igneous rocljs of greater 
age; as basalt, which frequently contains most of the zeolitic 
minerals. The Friendly islands are mostly volcanic ; as are 
also the Marquesas, the Gallipagos, the New Hebrides, and 
Gambier's islands. Juan Fernandes is composed wholly of 
tmsaltic greenstone. The South Shetland and Orkney islands 
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ftte niaae Up of primary rocks, along witli those of wore recent 
igneoua origin. The coral islanda are Elizabeth Island, Whit- 
sunday, Gluean Chailotte, Lagoon, EgremonC, fio, ."cc. 'I'he 
shores of nearly all the volcanic islands are lined with coral. 



Bgyft. 

Descr. The southern part of this country is primary ; con" 
aisting of granite, syenite, and other primary rooks. The fel- 
spar in the granite and syenite is red, and the rock has been 
used for many of the monuments of Egypt, as Pompey's Pillar, 
Cleopatra's Needle, &c. Syenite took its name from one of 
these localities, near Syene. North of Syene succeeds a region 
of sandstone, which appears to belong to the more recent of the 
secondary rocks. This is succeeded by the limestone tract, 
which reaches from Thebea several days journey south. Be- 
tween Thebes and the Mediterranean, the country is wholly 
.alluvial. On the west side of the Nile are the most remarkable 
examples of dunes that are known, 

Nuhia aiuL Abyssinia. 

Descr. Of the latter country nothing of importance is known 
respecting its geology, though sooie gold has been found, and 
large quantities of salt are obtained from a large plain ; perhaps 
the site of a former salt lake. In Nuhia, traveEers mention 
granite, syenite, porphyry, sandstone, and limestone ; and for- 
merly mines of gold were wrought there. 

Barbary oj Northern Africa. 

Descr. The greater part of northern Africa is a level sandy 
plain. But the chain of mount Atlas extends nearly across the 
whole of Barbary from west to east, and rises to the height of 
13.000 feet. Its higher parts are composed of granite, gneiss, 
jnica slate and clay slate. The northern part of the chain is 
composed, in a great measure, of calcareous rocks, resembhng 
the lias, though sometimes approaching the transition lime- 
stones. Secondary sandstones also occur, and above these, ter 
tiary strata. .Among the secondary and tertiary formations, 
trap rocks are included. Salt springs and gypsum are found. 
Western Africa. 

Descr. This embraces the west coast of Africa, from tht 
river Senegal in 18° north latitude, to the river of Benguela in 
18" south latitude. Little is known of its geology. 'I he hilh 
aiound Sierra Leone are granitic. The district Uirough which 
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the riyer Zaire flows, is composed of gneiss, mica slate, clay 
slafa, primary limoatone, granite, syenite, and oueenstone. Not 
a little gold (estimated in the beeinniiig of the last century from 
200 000 to 300,000 pounds sterling aaniially,) is obtained from 
the interior, especially along the Gold coast, and at the head of 
the Senegal and Gambia rivers. In Angola are very extensive 
deposits of salt, and some iron and copper. 

Southern Africa. 
Desei: The southern part of Africa is crossed by three 
ranges of mountains, lunmng parallel to the coast ; the height 
increasing towards the interior, til! the innermost range rises 
50.000 feet. North of these mountains are estensive table 
lands. The rocks composing, these mountains are gneiss, clay 
slate, graywaclte, quartz roch, and sandstone. Sandstone is 
most abundant ; and this forms most of the rock in the table 
land beyond the mountains, as far north as 30° of latitude. Its 
strata are usually horizontal ; and they give a tabular shape to 
the sunimits of the mountains. Table Mountain at the cape 
of Good Hope, is formed in this manner. Through these rocks 
are found protruding masses of granite, as well as basalt, pitch 
stone, and red iron ore. The relative situation of all these 
rocks is the same as in Europe. 

Eastern and Central Africa, and Sahara, or the Great Desert. 
Descr. Nothing appears to be known of the geology of the 
eastern side of Africa. Of Central Africa, which is traversed 
by the mountains of the Moon, much more is known. The 
more elevated parts consist of gneiss, mica slate, quarti rock, 
hornblende rock, clay slate, and limestone ; traversed by granite, 
greenstone, and other trap rocks. At Goree are fine examples 
of basaltic columns. Extensive beds of rock salt are quarried 
in Soudan, and salt and natron lakes occur. It is also from this 
country, than most of the gold carried to the western and the 
eastern coast is obtained The Great Sahara or Desert, is 
chiefly covered with quartzoiie a id calcareous sind ; and is the 
most desolate legion on the globe Occasionally, however, the 
rocks rise thro igh the sand and are found m the eastern part 
to consist of limestone and "iandstone containing rock salt and 
gypsum, and triveised by trap rocks Inhere the Sahara 
reaches the coast the rocks are chiefly basalt 
^fiican Island': 
Descr. A IirTe prjportioi of the islands around Africa are 
Volnanic, and are comno ea ol lava or uabalt Of this descrip- 
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tioii are the Azores, the Canaries, where the volcanic peak <yt 
Tenaciffe rises to the height of 12.000 feet : also the Cape Verd 
islands, St. Helena, Bourbon, &c. 



Discr. The longest chain of moimtains on the globe, and 
with one exception the highest, traverses the whole length of 
this continent near its western side. In South America it is 
called the Andes: on the isthmus of Panama it sinks into a 
comparatively low ridge : but rises into the table land of Mexico 
and Gfuatimala, 6000*feet high; and some conical peaks shoot 
up much higher. Beyond Mexico this chain is prolonged in 
the Rocky mountains ; which rise in some places about 12.000 
feet. This chain continues nearly or quite to the Northern 
Ocean. Parallel to the Atlantic, the Appalachian, or Allegany 
mountains traverse the U. States, rarely rising more than 6000 
feet and usually not more than 2000 or 3000 feet. Detached 
branches from these mountains extend irregularly into Canada, 
Labrador, and around Hudson's Bay. The mountains which 
form the West Indies, may be regarded as the southerly pro- 
longation of the Alleganies. Beyond the delta of Orinoco, they 
appear again in numerous ridges in Guiana and Brazil, extend- 
ing to the La Plata. 

Descr. ■ America is distinguished by vast plains as well as 
grand mountains. One of these lies alone the Atlantic, of 
variable width, through the whole of the United States, extend- 
ing to the Appalachian ridge, and occupying a wide extent 
through the whole of South America, A similar plain, but 
much narrower, occupies the western side of the continent. 
But the most extensive plain is the vast region lying in North 
America between the Appalachian chain and the Rocky moun- 
tains. Another, almost equally vast, occurs in the heart of 
South America. In its northern part is a vast expanse, along 
the Orinoco ; and in the southern part, are the immense Pam- 
pas of La Plata, 

South America. 

Descr. The basis of the vast chain of the Andes is com- 
posed essentially of gneiss and granite : but these are covered hy 
an immense deposit of ancient volcanic rocks ; such as pyroX' 
enic porphyries, diorites, basalt, trachytes, with waclce-like con- 
glomerates. The elevated table lands in the vicinity of this 
range, are covered in a measure by fossiliferous limestone, 
which occurs from 9000 to 14,000 feet above the ocean; and by 
new red sandstone, embracing ores of copper and gypsum 
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The lower tatia land is coyered by diluvial detritus, embracing 
gold. The mountains in the central parts of America, lying 
east of the principal Cordilloras, are iu a measure composed of 
various slates, with quartz rock end sa^idstone : the central asia 
being usually primary, and the slopes the older secondary. 
The plains between the different chains aie extensively covered 
by tertiary strata. These strata, with white marl analogous to 
the lower chalk, and a sand like the green sand, are well devel- 
oped on the shores of Patagonia. Indeed, the chalk formation 
has an immense development in South America, and rises in 
some places nearly to the height of 13.000 feet. De Buck's 
Petrifactions rsceuillies in Amerigiie, ^c. p. 18. In Brazil, 
granite frejjuently abounds in the lower pacis of the country, 
as well as ia the mountains, where it ia associated with nearly 
every other stratified and unstratified rock of the primary 
group. In short, nearly every stratified and unstratified rock 
on the globe, from the oldest to the newest, from granite to lava, 
and from gneiss to alluvium, ara developed in South America 



igniflcent scale, and occupy the same relative position 
QB m other parts of the globe. Huinboldi on the Siiperpodlioti 
of Rocks : Rogel's Geologic, p. 525. 

Descr. South America Las long been celebrated for its 
mines of gold, silver, platinum, and diamonds. In Chili the 
annual produce of the gold and silver mines is about $8,500,000. 
More than a hundred copper mines exist, and are much more 
profitable than those of gold and silver. Mines of quicksilver, 
lead, tin, iron, and antimony also exist there, as well as deposits 
of nitre, rock salt, and coal. But mining operations are at pre- 
sent in a wretched state ; owing to wars and political convul- 

Defer. Brazil is most celebrated for its gems, especially its 
diamonds. Tliey are mostly explored in the beds of rivers by 
washing the soil. Upon the first discovery of these mines, they 
sent forth a thousand ounces of diamonds ; which affected the 
market powerfully. At present the annual produce is about 
22.000 carats; or 183 ounces. The Brazilian topazes and em- 
eralds are very fine, as well as the chrysoberyl, amethyst, and 
quartz crystals. Gold is also sotight after with success in the 
auriferous sands. Copper ores are likewise abundant ; and de- 
posits of common salt and nitre occur. 

DescT. Colombia affords some diamonds ; also emeralds, 
sapphires, hyacinths, precious garnets, turquoises, and ame- 
thysts. Great expectations have also been excited respecting 
gold and silver; but from 1810 to 1820, only ft3.000.000 were 
annually coined from the native metal: but much more might 
29 
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be obtained witb p ^ 
mines are wrouelit, as well as tin and rock salt ; tbe latter yield- 
ing a revenue or$!50,000, 

Descr. Pern, including Bolivia, or Upper Peru, is perhaps 
the most remaJ-kable region on tbe globe for tbe precious metals. 
Gold, silver, and mercury, are the most impoctaiit Tbe silver 
mountain of Potosi alone, yielded in 225 years, no less than 
©1.647.901-018; and yet but a small part of it has been exca- 
vated; the whole mountain being a mass of ore: and it is 18 
miles in circumference. One mine of quicksilver is 70 feet thick, 
and formerly yielded an immense amount. The other mines 
of gold and silver are very numerous ; but their produce ia 
much less than formerly, on account of the imperfect manner in 
which they are wrought. There are also mines of copper, lead, 
tin, and rock salt. Most of tbe mines are situated in the east- 
ern range of the Andes, which consists of mica slate, syenite, 
porphyry, new red sandstone, and oolite. 

West Indies. 

Descr. These islands appear iike the fragments of a former 
continent ; and most of them contain mountains, which, in 
Cuba, Hayti, and Jamaica, rise to the height of 8000 or 10.000 
feet. The highest mountains in Cuba are mica slats, and 
through the secondary formations of the lower regions, project 
gneiss, granite, and syenite. Veins of gold, silver, and copper, 
also occur here, and coal exists in a vein,^ — which is a very rare 
occurrence. Philosophical Magazine, Vol. Hi,p. 760. In the 
south part of Hayti is a mountain of granite. The highest 
part of Jamaica is composed chiefly of graywacke with trap 
rocks. Upon these lie red sandstone, marl, and liraestoae, with 
trap and porphyry ; tbe whole covered by cKluviiim and allu 
vinm. The eastern part of the Caribbean group, as Tobago, 
Barbadoes, Antigua, Bermudaj &c. are princiipally composed of 
limestone, probably tertiary. Antigua has been described mi 
nutely by Dr. Nugent, Transacfion.s of the Geological Society. 
Vol. S, and more recently by Prof. Hovey. Americiiii Journal 
of Science, Vol. B5, p. 75. It consists of graywacke, {iJiiiwi-ffl^eti 
clay of Prof! Hovey.) recent calcareous deposits, and trap. 
Lying above the graywacke, is a singular siliceous deposit em- 
bracing an immense number of silicified trees of every size, up 
to 20 inches in diameter; along with vast numbers of shells. 
These form most splendid agates, and admit of a high polish. 
(See fine specimens in Prof. Hovel's Cabinet bequeathed to Am- 
hersi College.) 

Descr. Prof Hovey has also given an interesting account 
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of the geoloey of St. Croix. Am. Journal of Sciinee, Vol. 35. 
p. 64. He finds there the same stratified formationa as occur 
in nearly all the West India islands ; via. graywacke, and ter- 
tiary and alluvial limestone; but una tratified rooks are wanting 
The tertiary strata consist mostly of limestone, more or less in 
dnrated, aad abounding in shells and corala ; many of which 
are identical with those now living on the ocean. A aimilar de 

Sosit is now forming upon the shores : and it was in this recent 
eposit that the human skeletoais, now in the British n 
and garden of plants, were found. (Nuraerou 
the rocks and fossils of St. Croix and Antigua may be seen in 
Prof. Hovey's collection above referred to.) 

Descr. The western parts of the Caribbean islands are 
mostly volcanic : such as Grenada, St. Vincent, St. Lucia, 
Martinique, Dominica, Guadaloupe, Montserrat, Nevia, St. 
Christopher's, and Jamaica. On some of these islands no erup- 
tion has occurred within the historic period ; but craters are 
visible, and trachytio and basaltic rocks are common. 

Descr. Trinidad is a continuation of the continent, and con- 
sists mostly of primary rocks. The famous Pitch Lake, threi* 
miles in oircumrerGnoe, has already been described. 

Gualimala and Mexico. 

Rem. The geology of Guatimala is very similar to that of 
Colombia, on the south, and of Mexico on the north : being in 
fact the same as that of the Andes generally ; and, therefore, in 
this brief sketch nothing farther need be added, except to say 
that this country contains mines of silver and of sulphur, 

Descr. Mexico consists mainly of a vast and very elevated 
table land; being in fact a flattening down of the Andes on the 
south, and the Rocky mountains on the north. This vast plain 
1500 miles over, is occasionally diversified by an elevated insu- 
lated peak, which is often a volcano, recent or extinct. The 
basis of the country seems to be primary rocks; such as gneiss 
ond granite ; but its upper portion is covered with porphyry and 
trachyte. Secondary sandstone ond limestone also occur. A 
line of volcanos, of which there are five principal vents, tra- 
verses Mexico from east to west, about in the latitude of the 
capital, 

Descr. The rocks of Mexico are rich in gold and silver, 
particularly the latter. They occur in veins traversing clay 
slate and talco.se slate, transition limestone, graywacke, and 
porphyry. New Spain yields annually 1,341,015 pounds troy, 
of silver ; or two thirds of the silver which is obtained on the 
T'hole globe ; and ten times as much as is produced by all the 
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mines of Europe, The number of mines is SOOO. Tie quan- 
tity of gold annually obtained is only 4315 pounds troy. Tin, 
copper, lead, mercury, and iron, are mined, in Mexico to soma 
extept, and the ores are abundant. Beds of rock salt occur on 
the Eio Colorado. 

Weiterly and Northerly Regions of America. 

Descr. The regions embraced under this name are thosf 
lying west of the United States and north of the Canadas 
The Rocky mountains, which are a prolongation of the Cordil 
leras of South America, aie the pxincipai chain, and are com- 
posed of primary rocks with extensive secondary deposits upon 
their sides, among which ase clay slate, graywacke, and lime- 
stone. On Mackenzie river, brown coal occurs in tertiary clay. 
The coast of the Arctic Ocean, from Cape Lyon to Copper 
Mine river, is composed of clay slate covered by trap rocka : 
and most of this northern region is strewed over by howldeis 
of limestone, granite, porphyry, greenstone, &c, 

Bescr. Melville island, m latitude 74° 26' north, ia 
composed of sandstone, probably of the coal formation, with re- 
mains of coal plants of a tropical character. Around Hudson's 
Bay, are found all the great classes of rocks, except the ter 
tiary; and almost every other variety found in the other parts 
of North America, 

Descr. No part of the extensive regions above described ap- 
pears to ha truly volcanic, except a strip between the Rocky 
mountains and the Pacific Ocean, Whether any recent volca- 
nos exist there, may be doubtful : but genuine lava is brought 
from thence, as well as trachyte, and other volcanic productions ; 

found along the principal rivers. Volcanic mounds, cracked at 
the top, and surronnded by fissures, ; 
whole region. This is probably a 
the great volcanic chain of the Co 
and MeKioo. 

Descr. The mineral treasures of this region have been hut 
imperfectly explored. Near the head of Salmon river, on the 
west side of the Rocky mountains, Rev, M.r. Parker saw a bed 
of pure rock salt, among strata which he says resemble the de- 
scription of those at Wieliczka, in Poland, He used the salt 
and found it good. The great salt lake in the same region far- 
ther south, contains so much salt that it is deposited in large 
quantities on the shore. Epsom salts occur also, on both sides 
of the Rocky mountains, in thick incrustations in the bottom 
of ponds, which have been evaporated in the summer. Explor 
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mg Tour beyond the Rochy mountains, p. 328, second Hditior 
Ithaca, 1840. Beds of rock salt occur in other places besWes 
those mentioned above, west of the Eocky mountains and ot 
great thickness. Prof. H. D. Roger^s Report to the Britis 
Association at the Fourth Annual Meeting: 

United Stales, and British America. 

Rem. A more accurate idea can be given of the geology 
af this Tast region, by consideiing tte United States and tua 
British possessions as a single extended district, 

Descr. In proceeding southeasterly from the coast of Labra- 
dor, we meat ere long with ranges of mountains, at first not 
high, having a southwest and northeast direction. On the south 
shore of the St. Lawrence they become very elevated, forming 
in fact the northeastern termination of the Allegany range. In 
the northern part of Maine they rise to the height of 5300 feet ; 
and in New Hampshire, {the White hiiis) 6234 feet. The 
western side of this range forms the eastern side of Lakes 
Champlain and George, and the valley of the Hudson river. 
The range occupies all New England, and extends south- 
westerly into the middle and southern states, crossing the Hud- 
son at the Highlands ; and in Pennsylvania, Maryland, Vir- 
^nia. North Carolina, South Carolina, and Tennessee, forming 
-leverat parallel and lofty ranges of mountains; four of whicn 
jye sometimes reckoned; distinguished as well by their physi- 
cal features, as by their geology. The most easterly, Prof. 
Sogers deHominates the Eastern system of mountains: the 
iiext in order, the Blue Ridge system : the third the Appala- 
Uiian, and the last the Allegany system. They rise in Black 
mountain in North Carolina, to the height of 6i7S feet, and in 
itoan mountain, 6234 feet. 

Deser. On the north shore of the St. Lawrence, are two 
ranges of mountains running parallel to the river ; one at the 
distance of 15 or 20 miles, and the other 200 miles distant. 
On the west side of Lake Champlain, is a remarkable develop- 
ment of these mountains, in Essex county in New York , 
where they rise to the height of 5400 feet. From Essex county 
these mountains stretch to Kingston, in Upper Canada, where 
they become blended with anotlier low range, which has been 
traced along the northern shores of Ontario and Huron, and to 
the west of Superior, and probably extends nearly or quite to 
the Rocky mountains. These latter mountains form the west 
ern boundary of the region under consideration. 

Descr. The vast region of comparatively level country be 
liveen the Rocky and Allegany mountains, forms the valley ot 
g9* 



Host..:[jvGoOgIf 



842 TTNITED STATES AND BRIT 

the Mississippi, which extends from the centre of A5abama, 
probably to the Arctic Sea ; being not less than 2000 miles long 
and 1300 miles broad, and embracing more than a. 500. 000 
square miles. At its southern extremity, this valley unites 
with the Atlantic slope. This slope is several hundred miles 
wide at its southern extremity, but becomes gradually narrower 
until it terminates at New York ; with the exceptioa of Long 
Island, Nantucket, and Martha's Vineyard. 

Descr. The way is now prepared for explaining the simple 
and grand outlines of the geology of this wide region. All the 
mountainous region east of Hudson river, even to Labrador, 
with some few exceptions to be noticed subsequently, is com- 
posed of primary rocks: such as gneiss, mica slate, taloose 
slate, quartz rock, and limestone ; intersected and upheaved by 
granite, syenite, porphyry, and greenstone. South of the Hud- 
son, this primary range is continued, as the Highlands, through 
New Jersey and Pennsylvania, where it terminates. Its south- 
eastern border passes near New York City, including Staten 
Island, and exteoding to Perth Amboy. Here it is covered by 
red sandstone, until near Trenton it reappears and forms a 
second band of primary rocks, parallel lo that just described as 
torminaling in Pennsylvania, and separated from it by a trough 
of red sandstone. This most easterly belt, from 80 to 1 00 miles 
wide, ranges through Virginia, North and South Carolina, and 
Georgia, as far as Alabama river, where it passes beneath the 
alluvium of the Mississippi valley. On the southeast side, these 
primary rocks are covered by the cretaceous and tertiary strata 
of the Atlantic slope. 

Descr. The mountains of Essex county, on the west of 
Lake Champlain, are composed chiefly of Labrador felspar and 
hyperstbene rock : similar to the rocks in the northern part of 
Lower Canada, and the coast of Labrador : and a similar rock 
is found north of the lakes in Upper Canada : and occupying a 
large space south of Lake Superior in the western peninsula of 
Michigan ; so that probably they may form a connected range 
almost to the Mississippi. Nearly all the rocks in Upper Can- 
ada appear to be primary. 

DescT. It appears then, that the great central basin of the 
United States is surrounded by primary rocks, except on the 
north and south. The rocks which rest on the primary over 
most of this area consist of the varieties of those great groups 
formerly denominated graywacke, old red sandstone, and the 
carboniferous or coal formation. The first is now called the 
Upper and Lower Silurian System ; and the second, the Devo- 
nian System. In this country, however, the Silurian System 
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has been called the New York System, and the Apalachian 
Palseozoic System, The subdivisions of these great groups will 
be found upon the Table of various Ciassificatiotis, affixed to the 
first section of this worlt. But the extent which they occupy, 
can be learnt only by a Geological Map ; such as the author 
of this work means soon to publish as a companion to thfe Ele- 
mentary Geology. 

Descr. It is a remarkable fact, that while in Europe gypsum 
and rock salt are usually found in Uie new red sandstone group 
lying above the eoal measures, in this country gypsum and brine 
springs, so far as ascertained, are universally situated in tha 
rooks beneath the coal formation. 

Descr. Very recently, for the first lime in the United States, 
a bed of rock salt has been discovered, 18 miles from Abingdon 
in the southwest part of Virginia. Jt was struck in digging a 
well for salt water. Soil and rock were penetrated 50 or 60 feet, 
ifaen a bed of gypsum 160 feet thick, and next the salt, which 
was found to be 60 or 70 feet thick. The rocks embracing the 
gypsum and the salt are sandstone and marly clay. Am. Jour. 
-Sri., Vol. 41, p. 315, Jvly, 18 

Descr. It seems now to be ed h h 

boniferoua or mountain limeet !o d is 

in our western states : that w d m P 

vania, at least to Fort Leav rth h M od 

northward to the Falls of S \ h h M pp 

Deser. In many parts of d po q k 

that have been described, a g ra a sts p 

them ; and it is a singular f h h g h so h 

eastern part of the great v y h M pp y 

destitute of bitumen ; and as d m p 

it becomes more and more bituminous. 

Descr. Some of these coal deposits, already described in 
Section III, are probably the largest in the world. The Appa- 
lachian Coal Field, lying mainly in Pennsylvania and Virginia, 
is 720 miles long, and 180 miles broad at its widest place ; oad 
consequently must contain as much as 100.000 square miles. 
Another field in Kentucky, Ohio, and Illinois, is 350 miles long 
and 175 broad ; containing, of course, something like 26.000 
square miles. A third, in Michigan, is about 150 miles long 
and 80 broad ; containing 12,000 square miles. Besides these 
deposits, very extensive ones occur in New Brunswick and 
Nova Scotia, (covering at least 12.000 square miles;) and 
small ones in Massachusetts and Rhode Island, and in the east- 
ern part of Virginia r all of them containing at least 150.000 
square miles ! That is, this vast area is probably all underlaid 
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by beds of coal, varying in thicltness from an inch or two, up 
to 50 or 60 feet ; anci in number, from one to 50 ! Who oac 
form an adequate iiJea of the immense amount c-f coal which 
they coalain ! If in Great Britaia the inhabitants already begin 
to look forward, not without some anxiety, to a period when 
their <!oal fields will be exhausted, we need not surely in this 
country be haunted by any such fears, 

Deser. It has been intimated that there are some exceptions 
to the general statement that the whole country between Hud- 
son river and Labrador is primary. Thus, along the St. Law- 
rence is a deposit of Lower Silurian rocks. The Upper Silu- 
rian occupies a considerable part of New Brunswick and Nova 
Scotia; and some of the eastern part of Maine: connected witti 
trap and gypsum, and salt springs. In New Brunswick and 
Nova Scotia, as already obsejved, ws have large deposits of 
carboniferous rocks. In Rhode Island and the eastern part of 
Massachusetts, are interrupted patches of a rock of the lower 
secondary series, containing anthracite. In the valley of Con- 
.necticut river also, strata of red sandslcsie occur, wiih protrud- 
ing greenstone. 

Deser. In going soutJi of the Hadaon river, the same red 
sandstone just described, as occurring in the valley of Connec- 
ticut river, appears in New Jersey ; where it forms a wide bell 
southeast of the Highlands. Thenee it passes through Penn- 
sylvania, from Bucks to York counties : thence into Frederick 
county in Maryland ; thence into Virginia ; thence into North 
Carolina ; imd probably still farther aouth. Throughout the 
whole extent of this deposit, from Nova Scotia to Virginia, ores 
of copper, bituaiinous shale and limestones, and protruding 
masses of greenstone, are associated with it. In Virginia the de- 
posit appeared to be eminently ealeareoua ; and one of its low. 
est beds is the well known brecciated Potomac marble. 

Deser. I have for many years been in the habit of regard- 
ing this rock as tie equivalent of the European new red sand- 
stone formation ; and ha.ve so named it in my reports on tl» 
geology of Massachusetts. The geologists of our country, have 
generally adopted this opinion. And the more I examine, the 
stronger evidence I find, that it is the new red sandstone. There 
is not room in tins work, to state fally the grounds of this opin- 
ion. But the main argument is as follows. Profs. W. B. and 
H. D, Rogers seem to have sliown, that this rock in New Jer- 
sey, Pennsylvania and Virginia, lies above the coal formation. 
Now in Massachusetts, Connecticut, and New Jersey, fossil 
fishes have been found in il with lieteroeercal tails, of the genua 
Palteoniscns. Hence, according to Agaasiz, this rock must ha 
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older than the oolite because fiah with such tails do not occur 
as high as the oolite If theiefore this furmation lies above the 
coal formation, and below the oolite, it niu I be the new red 
sandstone. 

Descr. Prof. W B Rogers has found that the sandstone 
containing beds of woikahle coal near R chmond m Virginia 
is of the age of the Euiopean oolito This is proved by the 
vegetable remains occuning m it But no where else in this 
country has this foimation been identified Very extensive 
strata occur, however, which have been leferred bj our geolo- 
gists, on account of then oiganic remaini to the cretaceous 
group. They are entneiy wankog in chalk, which gives the 
name to the European seiiea , and consist in this counti-y, of 
sands, sandstones, mails, and limestone In New Jeisey, Dela- 
ware, and Maryland, they are characterized by the green sand, 
which is so valuable as a feitilizer Farthei south they consist 
-almost wholly of marls and limestones From these strata Dr. 
Morton has enumerated 108 species of zoophjta, mol5usca, and 
echiqodermata ; onlj one of which is common to this country 
and Europe. But there la such a resemblance between the gen- 
era, and those of the chalk, that it is supposed the roolts must 
belong to the cretaceous period. Several interesting genera of 
sauriaus, tortoises and fishes, also occur in these rocks ; among 
which are the plesiosaufus, icblhyosaurus, moaoaaurus and the 
batrachiosaurus. Among the fishes are several species of 
sharks ; some of which are common to the chalk of England. 

Descr. The cretaceous rocks of this country probably com- 
mence as far east as the islands of Nantucket and Martha's 
Vineyard, which they may underlie, as well as Long Island ; 
although hidden by drift and tertiary strata. They occupy a 
wide belt of country from New Jersey to Alabama ; and much 
surface, also, in Mississippi, Louisiana, Tennessee, Arkansas, 
and according to Mr. Nicollet, extend from Council Bluffe on 
the Missouri, 1000 miles along that river, to the mouth of the 
Yellow Stone. 

Descr. The principal tertiary deposits of the United States 
occur along the Atlantic coast of the aouthern states, to the south- 
east of the cretaceous rocks just described. These tertiary 
groups, however, commeace as far east as the island of Martha's 
Vineyard, on the coaat of Massachusetts ; where they are well 
developed, and seem to belong to the miocene or eocene period. 
They next appear in the southeast part of New Jersey ; from 
whence they extend almost contiou(5usly through the eastern 
portions of Delaware, Maryland, Virginia, and North Carolina ; 
and in interrupted patches through South Carolina, Georgia, 
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Alabama, Mississippi, and Louisiana. Mr. Conrad and otliera 
suppose tliat they are able to distinguisb in this vast area of our 
tertiary formations the three groups which are recognized in 
Europe; viz. the newer pliocene, the miocene, anJ the eocene. 
The post tertiary also, with shells of a highly arctic character, 
has been recognized in New York and Canada. 

Descr. The drift of the United States has already been suffi- 
ciently described in Section VI. 

Descr. The most extensive alluvial deposit in this country 
is the Delia of the Mississippi. But similar deposits exist along 
the banks and at the mouths of all our larger streams. 

Descr. Either in alluvium or drift, the following extinct 
species of the higher orders of mammalia have been found. 
Elepkas primigeitius oocurs in Kentucky, South Carolina, New 
Jersey, Maryland, and Mississippi : mastodon maieimus in Ken. 
tucky. New York, Virginia, New Jereey, Connecticut, Missis- 
sippi, Ohio, Indiana, and most of the western states : megathe- 
rium on Skiddaway island, coast of Georgia ; megalonyx in 
Virginia and Kentucky; several species of ox in Kentucky, 
and Mississippi ; cervus americatius, or fossil elk, in Kentucky, 
and New Jersey ; mahus in Virginia. Mr. Cooper estimates 
that the specimens already carried away from the Big Bone 
Lick in Kentucky, must have belonged to 100 skeletons of mas- 
todon, 20 of the elephant, one of the megalonyx, 3 of the ox, 
and 3 of the elk. He is of opinion that these remains occur in 
drift. Bnt at some olhev localities it is not improbable they may 
have become extinct still more recently. 

Descr. No evidence of volcanic agency in this country east 
of the Rocky mountains, since the protrusion of greenstone, has 
yet been found. Pumice does indeed float down the Missouri ; 
but it probably comes from the Rocky mountains. Thermal 
springs also occur on the western borders of Massachusetts; and 
near Seneca Falls in New York : and Dr. Danbeny considers 
the mineral springs at Ballston and Saratoga as thermal ; like- 
wise numerous and abundant springs west of the Blue Ridge in 
Virginia, whose maximum temperature is 102° F : in Buncombe 
county, North Carolina, with a temperature of 125° : in Arkan- 
sas near the river Washita, 300 miles west of the Mississippi, 
where are not less than 70 springs with a temperature from 
118° to 148°. Dauheny's Sketch of the Geology of North 
America, Oxford, 1839, p. 69. 

Descr. The mineral resources of the United States and the 
British possessions have as yet only begun to be developed 
The most important mineral in an economical point of view, is 
coal ; but the extent of our coal fields and mining operations 
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Plants, fossil, in the formations, 161 

Platers's giant, 303 

■"' '' 1, where founil, 49 



Platyptsrni 
Playfair's i 



157 



Playfair's illustrt^ns, S06 
Plesiosauros, sketch of, 139 
Pliocene strata, 57 
Plot on organic remains, 303 
Plutonic rocks described, 83 
Plectropus, 157 



Po, delta of, 181. Kmbankmeatg on, 
337 

Poisson's objections Id internal beat, 
374 

Poland, geology of; 333 

PolcmarcTlus, 157 

Polynesia, geology of, 333 

Polyparia, agency of, 337 

Polypi, or polyparia, sketch of, 131, 133 

Poljthalamia, from Pyramid of Che- 
ops, 336, West side of Anti-Liba- 
niis, 321. Of near Damascus, ib. 
Of Mount of Olives, ib. Of Bey- 
root, ib. 

olythalamia, sketchea by Prof Bailey, 
337, 328 

Pompeii buried, i:37 

Popocatapetl, 339 

Porphyry described, 74. Where 
fouAd, 4S 

Portland stone, 60 

Portugal, geology of, 331 

Potassa in the earth, 45 

Precious stones, 57. Where found, & 

Precious stones in the U. States, 348 

Primary conglomerates, 58, Platonic 
rocks, 83, Rocksdeiined, 35. De- 
scribed, 66, Their otigin, 357 

Primary limestone, 63 

Producta, sketch of, 133 

ProWgine, 69 

Protozoio rocks, 65 

Providence of Goil over the world, 284" 

Provinces, botanical apd zoological, 89 

Pterodactyie, sketch of, 142 

Pteroaauria, 13S 

Pyroitenic porohvrv, 75 

Pythagorasj hi's VIEWS of geolngy, 9(ft! 

Purgatories, 186 

Purgatories of NempcrS, R. I,, JSl 



Rain Jrops, impressions o', on =toi 
Ray's theory of thu earth, 304 
Recent Plutonic rocks, 83 
Red River Raft, 333 
Red sandstone, GI. Of Nova £ 
N. England, New Jersey, &c. 
Red snow, 133 
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Rhmoceros, tbu^l, 150 
Rhone, adla. of, 181 



Rivera, (heir c 






s of the 



Robinson, Dr., 

Rock salt described, 54. In U. States, 
343. InPereia,54. Where found, 47 

Rocking stones, 56, In Bane, ib. In 
Fall Riser, ib. 

Rooke, chemical compoaition of, 43, 45. 
Defined,13. Howwotn down, 180. 
Primary, stratified, their orij^ii,267. 
Useful, tbotr situation in the earth, 
46. EmboKsed, S43. Lithological 



In N. Englan 
311. "--■--- 



SIS, ai4. 

Rocka, striated, 178,203 

, Btratified fossiliferoua, how 

formed, 334 
Rogers, Prof., sjslcin of clasufico^on, 

Roman cement, 20 
Rraet's claEsificatioti, 40 
Russia, geology of, 323 



Sauriana, fossil, 137 
SauroJdiiJiniies, 157 
Salit^oua system described, 61 
Salt rock, iU oriffln, 934. In Si 

end Mexico, ib. Salt springs. 
Sandwich Islands, volcanic, 2w 
SaturD covered by a fluid, 276 
Saussure on the Alps, 305 
Scanilinaiia, a cenlVe of dispersion for 

drill, 219 
Scheuchier on fossil fishes, 304 
Schools of mines, 305 
Solavonia, geology of, 333 
Scorpion, fiaail, 126 
Scotland, geology of. 3l7 
Scrape's claEuficatian of unstratified 

Seals, their number, 3^ 

Seam defined, 16 

Secondary Plutonic rooks, S3. Se- 
condary rocks defined, 35. De 
scribed, 59 

Section, ideal, of the eaitlv'a cmst, 21 

Sections, geological, 85 

Sedgwick on metallic veins, 283 

Sedgwick's classification of roflka, 41 

Sedimentary rocks, 59 



iptaria, 20 
Serpentine, 79. Where found, 47 
SejW, Dr., 308 
Shark, fossil, 135 
Shark's tooth, sketch of, 136 
Sheila, chambered, 129. MioroBCOpic, 

89. Their vertical range in the 

strata, !03. The number of living 

and fossil, 106 
Siberia, geology of, 330 
Sibsria nch in eoW, 331 
'^igiilaiia, aketeh of, 114 
ilicaiQtheearth,44, 45 
Siliceous marl, 53. Sinter, 53, 192 
Silliman, Prof., his journal, 309 
Silurian eystem described, 64 
Silver, where found, 50 
Simple substances in the earth, 43 



Sivatherium, 150 

■ kaptar Jokal, quantity of lava thrown 

from, 135 
Sharks, tooth of, 136 
Shme pits near the Dead Sea, 250 
Smith, Dr. J, P., tiis views of crea- 



Smitb, Wm., his labors, 306 

Societies, geoWical, numerous, 307 

SodEi in the earOi, 45 

Soil, its composition, S3 

Soiia, a proof of liivine goodness, 386 

Sol&tara defined, 235 

Somma, 250 

South America, geology of, 336 

Southern Africa, geology of, 335 

Sowerby on foaaifahelis, 307 

Spain, geology of, 330 

Species had once a wider range, 91. 

Their distribution, iSic., 89 
Spiders, fossil, 126 
Spirifer, sk^ch of, 133 
Spirula, 130 
Springs, gaa, 197. 



1. Croii, 



ry of, 3; 



Stabiffi, bu^ed, § 
StentileofK England, 68 
Steiopozum, 157 
Stlgmarla, sketch o^ 115 
Stinkstein, 62 
Stonesfield slate, 60 
Strsbo on geolt^y, 303 
Strata, bent. 18. Elevation of, 33. 
How identified, 93. Overturned in 
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N. EndonJ, 36. In the Alps, 
Theii mickneas, how known, 
In England, 70. Europe, 88. Penn- 
sylvania, ib. Tfturis, 70 

Stratified rocks, deposited iiom ' 
53 

Stratification defined, 15 

Striae by gladers, liS 

Stiike af strata, 39 



Stnioturea in rocka, how caused, 3£ 
Submarine foirests, S46 
Subsidence on Columbia river, S 



ter, 53 

Salphui in thit earth, 45 

Siui]bB.na, erupdon in, S37 

Son, its present supposed state, S7S 

Superpositionof fosBilifeiouB rocks, 35, 
Primary, ib. 

Snrvey, geologicEd, of N. Carolina, 
S-<^ronDa,Maasachnset(B,310. Of 
Tennessee, Maivlaad, Arkansas, N. 
Jersey, N.Vork, 311. Of Virginia, 
Maine, Connectiout, Penny sylvania, 
Oliio,3l3. Of Delaware, Michigan, 
Indiana, Rhode Island, N. Hamp- 
shire, Qeorgia, Kentucky, Louisi- 
ana, 313. Of VermorJ;, EtieCanal, 
Nova' Scotia, N, Brunawiok, Can- 
ada, Prance, 314. Of England, 315. 

Sweden, geology ot] 319. Its shoraf 
rising, &6. 

Switzeiland, geology of, 3^ 

Syenitic greenstone, 75 

Syenite fecribed, 73. Where found, 
4G 

Synclinal axis, 33 

Syria, geokigy of, 334 

and Poleatno, limt 



System of tilings the s 



Present had a beginning, 



Temparature of the globe tioraeste«»il 
sources, 353. Internal do., 255 

Temperature of springs in mines, 356. 
Of the rock in do., 356. Of Arte- 
sian wells, 357- Increase of towards 

Terebratula, sketch of, 133 

Terrain defined, 33 

Terraced valleys, ItS 

Tertiary 3trata,defined,34. Described, 

'Plutonic rocks, 83 
Theories of the earth, 302 

ipUB, 158 

' — ings, 347, 257 



■filesfone, 63 

Titan's pier, 77 

Toadstone, 76 

Toads preserved in rocks, 86 

Tortoises, fossil, 143. Tracks oi; 155. 

Totten, his experiments on the expan- 
sion of rocks, 364 

Trachyte described, 75 

TrachyUc lava, 80. Porphyry, 74 

Tracks, human, IGO. Of animals, 
154. How preserved, 160 

Trains of bloc)^ not rounded in Rich- 
mond, &c., 219 

Transition rocks, 35 

Transylvania, geobgy of, 333 

Trap roclis, 74. West of Rooky 
Moantains, 79. Tuff, 80 

Travertin, 63. How formed, 191 

Tree ferna. 111 

Triaenopus, 157 

Triassic system, 61 

Trilobites, fossil, 196. Sketch o^ 137 

Trilobites, eyes of, 128 

Trinidad, pitch lake in, 193 

Tufaceous conglomerate, 81 

Tafi', 80. Volcanic, 81 

Turkey, in Asia, geology, 324. Id 



ganic beings on the globe, 384 



Typopus, 157 



Uniformity of nature, 167, 179 
United States, geology of, 341 
Unity of the Divine plans in all 
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3At. 'J'Ik-it riiAll'ilily, SI. 
nuiile of iKcurnii^, 'it 

of, :i:!lJ 

UliiiiT iirvv r(!if snnddtojie, iil 
UjiiwrSilur 



<, 04 



Valli'y or Ihe MigsiBsipfH, gcolog 
Viill,.ys, how roniMiil, 33, -m Ofife- 



JL 361 

olmnic aclion, di-fin«l, -2:15, Hj- 
puthisis of, Ail. Agency Iwnnficial, 
Sifl. HM-cia, an. Crulefs, nncienl, 
SIri. Rlasa or Sandwich iKlantlfl, 
81. Power, its senl,^ 313. Tuff, 89. 

ulcaniMS, CBtilral, 3li. Kxtinrl nnJ 
ncijve, d.{j. In lini-s, :).^. Pr<«lu<'te 
oi) H[. Suliniarine and aerial, K(3 
Thrir number, 33li 
Von Bucb on CrJlore, 339 



or d 



, IH4. 



or the Count 

licnl, Irti. Tcrrncml, IrtJ. Tninfr 
vi-me »n(i lon;^iuitinuJ, 1S4. Vn- 
rii'gaU'il iiiitrl ili-Ki-ilicd, 111 
Vi'P'tiil.li- lilu, whrn hi^un, QR. Sa- 



lt- airhan\iriuu mtaXa, 97. 

■ ■ \ m 



.1. itnamiun,^', S3!) 
V.<in> >l.-fiii»l, :». In lirverly, ST. 
In Cliiwh^r, aa. In Cuhaiuet, £T. 
In Cilniiii, ^. ' In Cunwuy, ilL 
In Cornwair. Rng., ^. In Safeni, 
2Pt. In W«.lhu«i|ilnn, flfi. Metal- 
lic, ihHr Aullh, ^m. How fillu>l, 
2H0 In (Jornwall, Bkitr.h nf, ;3I^. 
AIiMi iiroilmaive ni»r uimtr.itifiBl 
roc'.kH, sr*!. Uxirka tntvernoil liy, il>. 
Of inJHiUon, ai. Of ncBnaTiition, 

2n Tiioir n^bitivc iie«, e& ' 



W, 



Wackc (Ifecrite.! 



WnliThou-^ Dr., :m 
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33H 
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